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SOME REGULARITIES THE CHANGE CATHODIC POLARIZATION DURING 
DEPOSITION PRESENCE SURFACE- ACTIVE ADDITIVES 


Yu. Yu. Matulis Bodnevas 


The employment colloidal and surface -active additives electroplating has. practiced for nearly fifty 
1905, observed that the addition glue gelatin solutions for electrolytic lead plating 
appreciably improves the and the lead deposits the cathode. Sieverts and 
[2] 1912 carried out some experiments the colloids with metallic deposits the cathode, 
and co-workers [3-5] were the udy the influence agents polarization during 
discharge metallic ions and established series features this starting the 
systematic study the effects. and surface -active agents electrode processes and the structure the 


the present time colloids and surface-active agents widely employed ing practice 
and their action has widely Among these may mention particular the 
ous researches the field the action surface-active agents cathodic polarization and the quality the 
there are still many unsolved and practical problems, one example, due 
the absence the selection and application various organic and solutions 
during electroplating metals has been made purely empirical Consequently further study this problem, 
especially association with the discovery new methods investigation, fully justified and desirable. 


Our present research first attempt the velocity and the change cathodic polari- 
zation under the action surface-active agents dependence their composition and molecular structure. 
The additives selected for this study were the simplest aliphatic alcchols from methyl through amyl, and the mono- 
and dicarboxylic acids: formic, acetic, propionic, butyric, valeric, oxalic, maionic and succinic, their effect the 
cathodic polarization silver, nickel and was studied, 


EXPERIMENTAL 


Method Experiments electrolysis and changes pclarization were conducted 
lar cubic with capacity 130 ml. cpposite sides the vessel were attached (with pure paraffin wax) 
electrodes with total active surface each. The anodes were plates prepared from analytically pure metals 
while the cathodes were sheet platinum densely coated with electrodeposit the metal under test. For the deter- 
changes cathodic polarization, the auxiliary electrodes were the same 
cally pjatinum the conditions used for the cathodes. Cunsequently, the electroiysis vessel, the 
intermediate vessel and the auxiliary electrode contained the same solution with ions the thvestigated metal and, 
the absence poizrization current, the potential difference between the investigated and the 
was zero, This eliminated the influence the potential trace any substances in- 
troduced with the reagents and permitted accurate determination the change the cathode under the 
action additives only iniroduced with the electrolyte subjected examination, 


The set vessels with electrodes was placed thermostat which the temperature was held 0.1° 
The electrolyte the electrolytic cell was with mechanical stirrer constant rate the 
experiments with copper electrolyte was used which 0.1 CuSQ, solution and 0.1 
with zinc were solution; with nickel with silver solution, All the 


substances were used the analytically pure grades and were further purified recrystallization (by distillation 
liquid). 


Measurements the velocity end magnitude changes polarization potential. Measurements the rapid 
changes the potential deposition ions the investigated metal introduction the additives into the 


trolyte were performed the compensation-oscillographic The principle the apparatus developed and 
the the 3-loop mechanical oscillograpi: the geueral scheme are represented Figure 
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the latter, the electrolysis cell; the electrode, the three-lamp amplifier; are the 


Since the chauge cathodic polarization could increased the amplifier several powers ten 
times, Before experiment after establishment constant and anodic voltage the 
cathode tubes the calibration was carried out the recordings. Use was made for. this pur 
consisting resistance box inserted the circuit the amplifier and the oscillograp 
the light traces the the oscillograph and the corresponding curve was and then served for evalu 
the chanzes cathodic the electrolysis cell After had been calibra 
the switch was that the and the were connected into the measuring 
and the resistance was used establish determined current cathode Then, after 
compensat tion the potentials between cathode polarized) the electrode, the 
entiometer was introduce into the electrolysis cell exactly predetermined amount surface-active. 
and the chanze cath potential was recorded the drum. Consequently cur method 
measurement permit precise determination of.the rise fall cathodic polarization, depending exclusively 
action the introduced additives any curremt density, also the this potential be. 
the course any Jesired interval time. 
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electrolyte organic acids, 
current density: 25,16 
2,6 mM/1 
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EXPERIMENTAL RESULTS AND THEIR EVALUATION 


are pidtted which the increase cathodic polarization when copper precipitated 

uction‘into the definite amounts acetic, propionic, butyric valeric acids 


uced acids being selected that the potential the 


approximately thesame amount. see from Figure with unchanzed concentration 
shift cathodic pot 


remains constant and does not with urther rise density. 


curves for all the additives studied. may noted that, the present case, 


2 


var.ous Current densities, the amounts of intro? 
2 


Propionic and butyric acids take position respect 


‘ 
- 
the res 
activity. 


the cathodic potential copper follows curve similar isotherm, These curves, which were plotted 

for acetic and propionic acids current are shown Figure Side side them are 
curves and and and shows that the very same amount acetic propionic acid, introduced 
additive, brings about shift cathodic potential copper which the greater the higher the the 
with increasing current density, the adsorption acids the surface the 
increases. was also observed the case butyric, valeric, malonic and 
copper cathodes; all depends the increase the 


increase the same acids additives with unchanged current density, the change 


surface the cathode and the growth thereon 
ber centres when stronger currents are passed through. 
propionic acids additives into amount malonic and acids intro- 
density 0.71 curves and are similar addition malonic acid; with addition 
already remarked, introduction fatty acids additives, the jump cathodic potential constant 
current density increases with the rise the number carbon atoms the homologous series. This directly appar- 
ent when examine the curves Figs. 2-4. The plots Fig. show the change cathodic function 


the concentration the added dicarboxylic acids malonic (1) and succinic constant currert density 
3.7 see from Fig. that the activity the additives not function the number carbon 
atoms the homologous series but also markedly dependent the number polar groups the This 
also very clearly brought out the data the table which show the amounts acetic, propionic, malonic and 
succinic acids needed for raising the cathodic copper 2,4,and 5.5 with unchanged 
current density mA/ 


TABLE 
Amounts Acids Needed Change the Potential Copper and 5.5 mV. 
succinic 

0.8 
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potential current obtain the ratio which lies within the limits 5.8 for 


the data the table, well Figs. and immediately shows that for 
the attainment effect, cathodic polarization the same amount the rising portion 
curve the organic acids arranged defined order; the longer the chain the 
lower its promotes identical cathodic Furthermore, the dicarboxylic acids 
active monocarboxylic acids with the same number carbon atoms the 
the presence additional carboxylic acid group the acid molecule considerably 
activity the conditions here considered. Comparing the for one member 


xception the first members the two series (oxalic and formic acids), and low 


current fini applicability law the change the cathodic deposition poten- 
tial copper ions from This one more confirmation the interdépendence between the potential 
pe 


difference between solution (on the one hand) and the. adsorption phenomena the boundary layer (on the 
other the which has been successfully developed Frumkin, 


must out that dicarboxylic acids differ from monocarboxylic acids not only their degree 
activity but also the action upon the rate change cathodic potential. This very clearly 
plotting which show the change with passage time introduction 
few these are shown Figures and The curves Figure represent the rate 
change the copper afte: introduction into the electrolyte 3.76 and 7.52 mM/ 


tial change 6.81, and 3.29 succinic acid same current density the cathode; 
the previous the zero value the axis the abscissas the cathodic potential the 
current the absence organic acids the electrolyte. The change cathodic 


tr 


takes place the increase its negative 


DE 


copper after iato the electrolyte potential copper after introduction 
acid cathodic current density into the electrolyte succinic acid 


3.29 


within only minute after introduction into the electrolyte the dicarboxylic 


ith speed 209 r.p.m., two jumps cathodic potential occur rapid success- 
on. The height these the acid added. The higher the concentration malonic 
acid the the given current density, the the initial potential jump and the greater 
between the two jumps. should noted that with acids, two analogous jumps 
the first jump the versus time plot abruptly bends over and runs the whole time parallel 
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This new end interesting observed with dicarboxylic acids, clearly points definite inter- 
between the change poiarization and the specific structure the additives employed. 
cannot otherwise explained than type adsorpiion peculiar molecules containing two polar 
groups. may suggested that the start the dicarboxylic acid adsorbed the surface the 
are orientated only one carboxyl group parallel the After certain, fairly short, period 

‘time, the molecules undergo rearrangement the film and the other group becomes more 
the Due this the same number adsorbed molecules more completely fill the 
surface the metal and brings about the second sharp potential jump tle cathode. 


Additions lower organic acids act silver cathodes exactly the same way cathodes, 
they increase the polarization potential. Experiments with silver cathodes carried out using platinum 


rodes with electrolytically dense layer silver deposited from cyanide solutions, Polarization measure- 
were performed silver nitrate Figure are shown the oscillograms for the rate change 

polarization when the élec trolyte contains definite amounts 


added were that approximately equal 
dic potential were caused. curves show that introduction the 
additives brings about sudden rise polarization quickly followed 
fall the original value, This penomenon, observedin 
work metals, corresponds entirely ob- 
Once again confirms his explanation the causes 


Fig. Magnitude and velocity change Fig. Rise original jump the 
precipitation potential silver addition precipitation potential silver with 
acetic acid; 4.02 propionic acid; ionic acid added the electrolyte 
1.5 butyric Current density 3.0 cathodic current density 1.43 mA/cn# 


From the curves Fig. can readily seen that the ratios concentrations acids causing the original 
jump potential the same constant current density accord, the case copper, 
with Furthermore, the rise the original potential change with increasing amounts added acid 
ctrve, plotted for propionic acid density 1.43 presented Figure 


The described show thatthe the action the very same additives the polarization 
copper and silver cathodes dissimilar. This difference even more conspicuonsly. manifested the case the 
cathodic polarization zinc and nickel. Additions acids solution sulfate and 
solution nickel chloride not the cathodic polarizations zinc and nickel but considerably lower them. 
The polarization during cathodic precipitation zinc lowered greater extent the higher 
the homologous series acids. For example, low cathodic current densities, the butyric acid 
lowers the polarization during precipitaion about twice much addition the same amount acetic 
should noied that the introduction lower organic acids into zinc sulfate solution appreciably lowers 
the the electrolyte and much hydrogen evolved the cathode the same time the zinc 
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The concomitant evolution hydrogen and the relatively small effects the potential change 


lude 


The evolution accompanying the main process still more conceals the picture phenom- 
ena when with nickel nickel cathodes was impossible establish any specific action the 
acids. Fach acid lowers thé cathodic polarizaton nickel approximaely proportion the fall 
For exampie, additions acid and acid chloride solution reduce 


the approximately the same amount the the electrolytes are brought identical 


order avoid the complications resulting evolution hydrogen and nickel cathodes when using 
acids experiments were carried out with additions lower alcohols the aliphatic was 
that methyl, ethyl, propyl, butyl and alcohols not manifest any action the polarizati ion during pre- 
cipitation silver nickel any current densities. Their effect the polarization copper cathodes the 
same direction that the organic acids, i.e. they render the deposiiion potential copper more negative. 
though the copper addition alcohols the solution less than addition acids, the same 
regularities change polarization observed excépt the case alcohoi, were found with 
the applicability law and the possibility representation the potential change 
function the additives low current densities curves similar adsorption The 
curves for copper obtained with differ essentially from the corresponding curves with 
are therefore here. 


results obtained with are character. Figure are plotted curves representing the 
and velocity change the cathodic potential after introduction into zinc sulfate solution 
the alcohols mentioned constant current density. Here, the preceding diagrams, the zero line 
the polarization zine pure ZnSO, solution without additives, current density 5.7 
see from the diagram, additions propyl, butyl and amyl alcohols appreciably raise tne polarization during 
The higher members thehomologous series alcohols are roughly 2-2.5 times active the 
lowe: the same current density. arises with the first two members the series (methyl and 
lowers the polarization about 0.5 while the second manifests action all, 
The cause the different course the curve 
alcohol evidently its iow solubility water and 
aqueous solutions, 


PUN, 


z:nc after intioduction into the electrolyte successive addition alcohols 

oh 


386 
time 


interesting note that successive introduction one after another into the same portion zinc 
aiconol series causes change whose dozs the presence the solution 
lower alcohol, This illustrated the plot Figure 10; point m65 liter methyl was added 
‘the after minutes addition was made the solution mM/ liter followed 
after minutes propyl and after further minutes mM/liter butyl alcohol, The 
current density throughout the the experiment was kept constant 5.7 interesting pheno- 
menon the alcohol the next highest homolog from the surface the elect- 

rode, since the higher alcohols have greater surface. activity and are more firmly adsorbed the surface the 


SUMMARY 


method has been developed for measuring the magnitude and velocity 
polarization various additives into electrolyte during electrolysis. This method was 
used investigate the compounds (formic, acetic, propionic, butyric, oxalic, malonic 
and succinic acids and methyl, n-propyl and alcohols), introduced additives, the cathodic polar- 
ization during deposition silver, and nickel within the current densi ity range 


was established that the rise cathodic precipitation copper with rising concentration 
the acids and alcohols added the constant not follows curve 
tion into the definite amounts acids the same homologous series obey law. 
The very same were established for silver cathodes under the action lower organic 


Admixtures organic acids cause only temporary potential during deposition silver following 
their This yump quickly falls zero the half minute after addition the acid the electro- 
lyte, the potential reverts its value. 


was observed that addition the first members the dicarboxylic acid series the acidified copper 
sulfate solution causes double jump the cathodic polazization copper which proceeds during the first 10-15 
seconds after addition the suggested that this new phenomenon asscciated with specific course 


the dicarboxylic acids the involving bonding the two groups the 
face with differing firmness. 


Chemistry and Ghemical Technology Received September 19, 1953 
the Academy Sciences the Lithuanian SSR 
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AND STRUCTURE ATOMS 


COMMUNICATION INVESTIGATION THE CARBONATES THE 


SECOND (MAIN) GROUP THE MEINDELEEV SYSTEM 


Kapustinsky and Stakhanova 


INTRODUCTION 


Consideration was given in-one the preceding communications the the rule thermochemi- 
cal oxalates alkaline earth the present paper develop the investigation with 
reference the carponates the same elements view the particular and theoretical importance 
these compounds metallurgy, the chemistry building This paper includes 
pait the results not only calorimetric measurements but also our determinations (made with the 
other methods) thermodynamic constants the carbonates [3] and strontium The critically 
carried out systematization the data enabled the thermodynamics the above- mentioned 
ates summarized; also permitted the constants obtained generalized the light the tule 
chemical iogarithmicity and allowed number conclusions about the properties the carbonate ion 


The thermodynamics the alkaline earth carbonates has been dealt with many invéstigators, but the 
ity cases the measurements are not sufficiently accurate that not only serious discrepancies arise the same 
type measurements but there are unexplained between calorimetric and 
tions This iliustrated the monograph (documented detail) Kelley and 
Anderson Since the publication the latter changes have taken place this which 
circumstance made not only but even necessary present investigation should underteken, 


EXPERIMENTAL 
METHOD INVESTIGATION 


Heats formation were determined studying the effects dissolution finely crystalline (synthetic) 
and The hydrochloric acid was previously saturated with carbon dioxide 
atmospheric Tne correction for evaporation water was made the paper Kapustins and 


Desideryeva the case MgCOy speciai was given determination the heat solution MgO 


The following were made the caiorimeter previously described Kapustinsky and Klokman The 
Was Bose casing supplied with water from adjacen: with the aid water turbine. The 
temperature was maintained ‘at (120 was applied (Fig.1) the heating 
the vacuum relay was connected series.. The winding the latter was connected 
the tube (6F6) eiectrical relay whose heating circuit was supplied the step-down transformer while the 
anode circuit was fed from the 120 mains. Under norma! emission the vacuum relay was switched closing 
the contact the thermoregulator (25°), however, the tube circuit was short-circuited, the amplification the 
emission led amplification the current the series winding the vacuum relay, which preaks the contact 
the main circuit and cuts out the heating The fali temperature ieads closing the circuit operating 
through the thermoregulator and consequently resumption heating. Since the current strength the 


mains does not exceed there risk burning-out the contacts and damage the thermo- 
regulator, 


The calorimeter was pyrex glass beaker, volume 0.45 closed with ebonite stopper through which passed 
Beckmann thermometer, glass propeller stirrer, the leads mercury spiral, glass tube with bulb 
the end containing weighed amount the substance, and thin test tube for introduction (if needed) freezing 
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circuit which alternate the voltage the terminals the aivider and 
resistance intervals throughout main The electrical measuring circuit (Fig. 


The energy introduced for determination the capacity the solution was measured with the help 


heater the loading resistances the ammeter the switch and circuit switches 
and battery lead accumulators (6V). Current and voltage were accuracy 


VIMS) with the aid cathetometer accuracy for the order the time was measur- 
accuracy 0.1 seconds for petiods to4 minutes. All the electrical instruments were 
before the start the work the and and were provided with 
The stop watch was against accurate time was the the usual switch 
scheme The operation the apparatus and the for radiation, also the mode 


The apparatus was calibrated electrical method the heat solution potassium chloride. 
the conclusion the temperature the was brought and 
the water equivalent the system was determined similar those prevailing for determination 
solution. The accuracy the allowing for the characteristics the in- 
that used, the amounts heat evolved and the ranged 1.6% (with 


x. 
= 


special place occupied the thermal investigation beryllium carbonate which described elsewhere 
ard tne which are set forth this paper. investigations equilibria, accu- 
rate allowance for factors impossible and moreover are impracticable,in this case. 
previous satisfactory maintenance the linear dependence log 1/T; reproduci- 
ity the results approach equilibrium both from the and the side; non-dependence 
the results the degree reduction the weighed specimens (indicating absence solid solutions); the 


ny 


crystallinity the confirmed both microscopic X-ray examination (Fig. 3). The same may 

the investigation approximate evaluation both cases gives accuracy determination 
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which testifies the crystallinity the material 


used 
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carbonate. attempt utilize magnesite from the deposit starting 
ial was unsuccessful because and even the purest specimens contain some pyrite. 


stalline magnesium free from basic salts, prepared two methods which gave identical re- 


Solutions maguesium sulfate and chemically pure carbonate were mixed 80- 
The resultant precipitate was washed several times the filter with hot water, and dried. 
Heating with urea converts the basic into the crystalline The residues 
water entered into with the the caked mass was and repeatedly 


remove the urea and the turbidity due non-crystallizing After ‘washing, the precipitate 
was dried 


The basic carbonate, again prepared from boiling magnesium sulfate 

and pure carbon dioxide 150° for hours. After cooling carbon dioxide atmos- 
the was washed decantation and then dried the same apparatus CO, constant 
The crystalline character the prepared mate:ial was clearly confirmed both microscopic and X-ray 
examination Analysis gave purity 99.7%, 


heated 


The magnesium oxide (Kahlbaum) disposal was for its content carbon- 


ate and Heating two parallel samples revealed the presence 12.3% volatiles (carbonate ue- 
composed heating and moisture). Therefore for ochemical experiments used the calcined oxide 
which, however, had not lost its reactivity. the calcined sample the pyrophosphate 
method Tt 

4 


The results obtained (60.4% magnesium value 60.2%) the high purity 
material. 


Strontium carbonate. Preparation and analysis have been described 


carbonate. Anhydrous, barium car was obtained solutions barium 


-ame for several hours for growth the and washed porous-glass The wash liqu- 
ors were for their content chlorine The washed precipitate was dried 150 Barium was 

acid. The water was double -distilled grade which also used the syntheses and 
calorimetry. The acid (1M) was saturated with slow stream carbon dioxide which 
was for hours. Prior each experiment the requisite amount this acid was subjected supp- 


with -2% hours) The saturation was checked titrating small 
tne acid with afkali solution. 


- 


the results experiments with magnesium and barium carbonates. 
Tne result: obtained correspond the reactions: 


order the heats the carbonates, sum the heats the coustituents 
each with the effects that observe: 


inspection the errors determinations the heats formation the reaction components, may 


equivalent fluctuation about one large calorie the indicated magnitudes. 
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Heat 


Carbonate 


Barium Carbonate 

3,5041 400,51 0,144 413,6 3440 
3,2591 400,99 0,128 1,6 417,7 


Mean 3370 cal 3%) 

One the aims the present was the establishment the heat dissociation carbonates into 
MeO this requires, from the data set forth knowledge either the heat formation the 
metallic oxide the heat Since among the that investigated especially im- 
conditions close those prevailing experiments This leads more accurate re- 
Sults because the summation the heats the two latter processes directly gives the heat dissociation. 


The weight the sample oxide was selected that the concentration magnesium chloride salution 
its the carbonate The procedure for the calorimetric exper- 
iment way differed from that above. The results are set forth 


Our experimental values agree within the limits accuracy our work 0,6%) with those previous investi- 
gations these materials Giauque and Archibald (36,490 cal/ mole for the same Mention may 
also made paper [11] which described method natural 


From the known heat the reaction 
can obtain, summation this equation with equation (1), the heat the reaction 


for the heat dissociation taking into consideration the literature values for 


[14] gives: 


These constants are Table 
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equivalent 
system). 


cal/ deg. 


36410 
36560 
409,06 36190 
493,51 36140 
TABLE 
Seats Formation and Dissociation (q) Carbonates the Second Group 25° kcal 


Results ation Dissociation 


Invest 


this paper have already put forward number considerations supplementing our previously published re- 
the investigation the thermal dissociation beryllium the latter assumed, the 
data, AH® 135 kcal. Recently Cosgrove and Snyder [12] determined the heat formation 
direct method With the aid this value (142.3 kcal) and the heat forma- 
tion CO, (94,020 obtain according cur experimental data 


Our 


Closer con must the dissociation equilibrium strontium After our paper 
published, Lander [15] examined the some system and did not report any new data comection with ther- 
For the first time, however, Lander investigated the heat capacity strontium carbonate! 


values the with the help the above equation, and our earlier data for 


somewhat (for 13,0 and for but practice this difference has little 
upon the fina! value and The results Lander substantially confirm our results. 


the values AH, 53885 cal and 32.06 cal/ mole, deg, and the values the ob- 
method can directly for calculation preferred, however, the first place 
one more method calculation AH, and using the standard entropies the this 

Case obtain AH, cal, 35.60 deg. Without either for the first the 


taking mean value, find AH, cal; 33.83 cal/ mole. deg, which substitu 
usual equations for dependence and temperature gives for standard conditions 

“298 vy fa 


Tne values obtained, which calculated from investigations the equilibrium high temperatures, are 


Consequently, may assume basis for the dissociation strontium carbonate 


survey the thermal constants The bracketed values are extrapolated results radium 


Free Energies Thermal Dissociation Carbonates 


the requires the value the entropies MeO, and These values appear 


solution complex the accuracy this value doubtful, 


Intreducing the heats formation SrO and CO, get 


The foregoin permit generalization the data for the carbonates (Table 
both for standard heats formation (A) and for heats dissociation (B), Data are also included for calcite from 


(see theoretical part below) and for beryllium (see section). 


The data for the thermochemistry carbonates metals the second group with 
literature data enable the establishment series thermodynamic and crystallochemical constants not only for 
the carbonates themselves but also for the cations entering into composition well for the carbonate ion, 


For the reaction MeO CO, the that found were given Table 


instability the Pure and the uncertainty evaluations, the values 
the constants for are enclosed the following Table extrapolated value 

for whose accuracy is+ 4%, 


TABLE 


Standard Free Energies Dissociation the Second Group kcal 


The solubility product (Lp) 25° for one the least For this substance actually obtained 
carbonate water the sum the free energies the processes: 


The free energies processes (13) and (14) are well-known the energy solution process (12), 
this found from equation (11) with the help our data for and the entropy the reactants 


This constant given rigorous method the basis reliable thermodynamic may note 
the value given queried, while Seidel gives for the trihydrate the carbonate under 
first known inaccurate, the second relates the trihydrate, and the third not standard temperature. 
may therefore recommend our value the only one pure crystalline water 25° 


The entropy the aqueous carbonate ion was found Latimer, Pitzer and Smith studying the 
tion carbonic acid 13.0 1.0 entropy unit). Since the dissociation equilibrium carbonic acid aqueous 
Moreover, have our disposal simpler 
methods the entropy the carbonate ion which are also independent one out the 
for these three processes (12), (13) and (14) the free ener ies and héats reaction taken from our experi- 


mental data and from the liter ature[20,25] obtain from equation (11) the change entropy during dissolution 
water: 
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aud co-workers proposed two. values for the entropy the magnesium ion, cal- 
the the ion from our experimental dat found value units. Then from equa- 
fouad for the carbonate ion entropy units. The considerable discrepancy between 
value and proposed Latimer prompted repeat similar starting from our own data for an- 
which also gave value entropy Since might feared that the calculations 
the same are not sufficiently objective, calculated the the carbonate from 
the and Dezideryeva for and obtained entropy units, Consequently one and 


the Latimer, Pitzer and Smith inaccurate and can propose for the entropy the 
carrying out the cycle with utilization our experimental values for the heats formation 


the energies lattice the carbonates (Table 5), and then, utilizing this value 
and the the can find from the equation the energy ionic lattices the 
the carbonate The column Table shows the good constancy this value, re- 
which the carbonates from. The slight drop the start the group explained the effect, 


spherical anion. 


Tabie 


Haber 


1.86 
1.85 


o> 
© 


(17) 


the sum the For cations the 2nd 
the experimental lattice energies (Table 


the values are known Substituting the 
find that value for which best corres- 


a 


order check the found 0.2, may substituted equation (17) and with the help Table 
the values the are found within with the values previously assumed for 


{ 

o wv 


this rule the heat formation compounds per gram-equivalent within each group for ions 


electronic analogs must linearly dependent the logarithm the atomic number the cation (log 

This generalization, which establishes link between ther and Mendeleev's periodic law and 

the concept the electronic structure the atom, makes provision for the possibility deviation 
for two-electton ion contrest the ions with electron configuration which 
however, this lon was minute could not previously since this- 


7 


: 

120 

. 

= ¢ 2 4 


upon the nature the Figure which ate plotted the heats formation per gram-equivalent 
function the logarithm shows that this deviation insignificant that nearly coincides 
with the margin error. The thermochemical well confirmed the 
mental material for the thermochemistry e!ements the 2nd group, and are justified 
cally the straight-line plot ascertain the heat formation for 


SUMMARY 


investigation the solution magnesium and barium acid and study the thermal disso- 
ciation the beryllium and strontium has given the standard heats formation and also 
the heats and free energies thermal dissociation the carbonates Mg, and (Tables and 4). 


With the help the foregoing data and the constants critically from the iiterature, 
calculations were made the solubility product 25° and the entropy the 


the. hasis the ‘ther data obtained and with the the calculated energy the crystal 
lattice, values ate found for the the CO4 and the 
ical Both these magnitudes are complete with the experimental 
data for the five above-mentioned carbonates. 


ments the second (main) group the periodic system Mendeleev. Extrapolation with the aid this law gives 
for the heat formation radium catbonate value 300 kcal/ 


Moscow Mendeleev Institute Chemical Received November 11, 1953 
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SYSTEMS CONTAINING CONCENTRATED HYDROGEN PEROXIDE 


that the products interaction with peroxide are undoubtedly the three solid phases: 


order supplement the method analytical examination, which was inadequate for full physicochemical 
characterization the solid phases the system, use was the methods thermal analysis and X-ray exam- 
photomicrographs were also taken and study was made the stability and the processes 

the hydrated forms calcium peroxide. The prepared peroxy compounds calcium, also the 
peroxide and calcium hydroxide, were subjected thermal anaylsis with the differential recorder, using 


The heating curve anhy dious calcium peroxide CaO, characterized the one 
mic effect the breakdown CaO with evolution active oxygen. Since the reaction 

Calcium peroxide contains active oxygen. 


Fig. Heating curve Fig. Thermal stability (check amount 
oxygen released) 


For more accurate characterization the thermal stability observations were made, parallel with the 
the heating curve, the evolution active oxygen. For this purpose, the vessel which the heating 
was carried out was connected measuring buret containing water saturated with oxygen, and definite intervals 
time were made the volume evolved gas well the corresponding temperatures, Data 
for the set forth Table and plotted Fig. 


The process thermal decompusition was also checked from the determination the content activé oxygen 


the residue after heating definite temperature heating velocity 4-5* per min. (Table and 
Fig. 3). 
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Table 
active temp.in active oxy- 
gen evolved, gen 


1.58 
250 380 13.75 
300 400 13.0 


into CaQ, containing active oxygen, while the second starts above 300° and compiete 
corresponding the decomposition anhydrous caicium peroxice into CaO (in analogy with Fig. 1). 
The heating curve peroxide octahydrate (Fig. has three endothermic effects, the first 
two which are associated with two-stage 40° the octahydrate its water crystallization 
and splits off molecules H,O form The second effect 100° corresponds the process removal 


51.0 


59.4 

68.0 
425 §9:0 
69.0 
69.0 
69.0 


see that 175° anhydrous calcium perox- 
ide completely from 175 300° there 
insignificant loss active oxygen (approx. 0.9%), 

and only above 300° does intensive breakdown 
take place reflected ihe corresponding 
effect the heating curve. Complete decomposition 


The heating curve dihydrate 
CaQ,- 2H,O (Fig. has two endothermic effects: the 


the last molecules water and transformation into anhydrous calcium peroxide (see also Fig. 4). The third eff- 


ect 


much more firmly bound the first six molecules. 


ae 


the preceding curves for and CaQ, corresponds the decomposition The heating 
curve clearly shows that the thermal effect six molecules water considerably less than that the 
last molecules. The implication that the two last molecules water calcium peroxide octahydrate are very 


TIME, 


2 
é 
200 


The heating curves CaO, and show that the two-stage successive dehydration 
proceeds with like thermal effect, whereas examining the two stages successive 
the binding the first two molecules proceeds with cal, while the adai- 
tion the six molecules water proceeds with 17.851 this basis concluded that 


which thus also accounts for the difference This theory was supported Foregger and Philipp 


However, our plot the heating curve points hydrated compound calcium 
peroxide with endothermic effect dehydration. The presence molecule would have given exo- 
thermic effect the heating curve due the evolution active oxygen usually with ‘of 
peroxides, 


mic effect two endothermic effects. The specimen contained 31% active oxygen: This very 
oxygen-rich peroxy compound calcium theoretically contains active 


The exothermic effect 40-45° the result evolution oxygen from the combined bydrogen 


this point pertinent that the direction this reaction associated with the evolution active 
which dehydration transformation into and, the last effect bound wach the 


Simultaneously with the recording the heating curve study was made the process its 
decomposition which was checked the evolution active oxygen. The are set forth Tabie 
and the decomposition curve shown Fig. 
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With great evaiution 


above complete decomposition peroxide takes For 


from that previously described, 


Thermal CaO, Fig. Heating curve Ca(OH). 
; 


kept hermetically sealed vessels: the air readily carbonated. easily gives its water crys- 


resence agents and heating. Calcium peroxide dihydrate reddish powder, stable 


Anhydrous peroxide very fine, cream-colored powder, stable 300° 
over 


temperatures 
SUMMARY 
the three solid phases which were detected the study the isotherms 


ange are actually individual peroxy compounds 


The peroxide which exists over wide region equilibrium with the 


4 
{ . 
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AND SOME ERRORS AUWERS AND WISSEBACH THEIR PAPERS 


the previous communication [3] showed that although trichloropropenes with the structure CH, 
reactions they nevertheless form one and the same with the structure where nucleo- 
philic group exchanging with halozen, regardless which the two trichloropropenes brought into reaction, 

This true the both with diethylamine, sodium ethyoxide, sulfide, sodium 
sodium malonic ester, copper organomagnesium compounds, the reactions 
trichloropropene involving the mechanism the reaction center™ [4] the system 


the present research have studied the reciprocal relations acids with the structure CH= 
and CC\,= CH,CO,H and the corresponding behavior their derivatives involving allylic rearr- 
angement, the literature are described two -dichlorocrotonic acids. y,y- -dichlorocrotonic with 

with 101-102° was obtained from. and malonic acid 


decided prepare the previously unkhown y.y mild its nitrile 
which previously. prepared the action copper cyanide 1,1,3-trichloropiopene 


The acid that systhesized melts the same the acid described Auwers 
and Determination the melting point mixed specimen our acid and 
the acid obtamed the Auwers and Wissebach did not give depression. The products addition 
chlorine and bromine the acids systhesized both methods also were identical products, confirmed the ab- 

sence depression the melting point mixed tests. 


support the view that the acid obtained both methods ‘has the structure y.y -dichlorovinylacetic acid, 
may point out that, according the data Auwers and Wissebach, its esters not exhibit exaltation 
molecular refraction, while its hydrolysis presence conc. leads Opposing this view, 
the other hand, the reduction the cited authors the acid under the action sodium form crotonic 
The problem further complicated the fact that Auwers and Wissebach starting from the acid syathe- 

sized them, obtained nitrile via the chloride and amide; its constants this nitrile differed from the nitrile 
acid and exhibits exaltation molecular refraction, Repetition the synthesis 
these derivatives the procedure the cited authors, starting from specimens acids prepared by. both routes, led 
one and the same acid amide nitrile regardless the origin the starting acid, However, only the 
constanis the acid chloride fully agrecd with those described, whereas the constants the amide and nitrile 
differed, 


Since the structure the starting substances for the synthesis the unsaturated dichloro acid both methods 
has been conclusively established (the structure acid was established its acid hydrolysis 
fumaric acid; that the nitrile acid acid hydrolysis succinic acid), must 
assume that one and the same acid could only obtained the result rearrangement either the process 
reduction the trichlorocrotonic acid the process hydrolysis the nitrile question, from the 


Vinylacetic acid 3-butenoic acid, 


Si 
; 
= 
; 
‘ 
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this problem the the following considerations, the one hand, the 
from which the the chlonde snd the amide, were then obtained the usual method. 
cid, with that described Auwers and Wissebach and unambiguous struc- 
ture, the isomerization during the first stage also excluded. 


the the investigated dichloro acid obtained acid bydrolysis the nitrile 
acid was the usual routes into chloride, amide and (the latter proved identical with 
starting Addition chlorine this acid, its amide and nitrile led formation compounds identical 

ithe 


the above-described acid and its These results are summarized the 


These data that the acid-has the structure and that iso- 


tne action zine glacial acetic acid ethyl there formed not acid, 
but acid, the reduction takes place with rearrangement: 


acid incapable further reduction the same conditions 


the fact, first inexplicable, that acid reduced 
sodium found that -dichlorovinylacetic acid, its amide and nitrile 
obtained acid proved identical with the acid synthesized from 
and was effected under the amalgam, canditions Were created for its isomerization 
and for its further reduction crotonic acid. 


configuration into derivative known configuration reactions which leave intact 
the olefinic Now sce that the two-stage reduction acid crotonic 
was carried out Auwers and Wissebach, proceeds with twofold isomerization which was not observed 
serve the configuration acid. alsosee that the allylic 


ces subst antial into the method the confi based 
with known spati structure, 


ant 


mitted est the acid ide described and Wissebach the chloride 


natin the process tran 


| , 4 
Our 


isomerization detected the took place with formation the amide acid. 


should noted that the series the derivatives studied the type and 


the same conditions gave acid. The same must said about 


Hence follows that the preparation Auwers and Wissebach acid reduction 


acid.in acid medium cannot explained either preliminary isomerization the 
evident that the rearrangement takes place the very process suggest that 


EXPERIMENTAL 


acetic acid, conc. HCl and was boiled for After cooling, water was the product 


extracted with The solvent was driven off and the residue distilled vacuum. 


Found 31.22; 31.26; 2.70; 2.63 


The acid does not give melting depression mixed with the acid obtaisied reduction 
trichlorocrotonic acid 


acid under m.p. 121-122° The acid does not give point depression with the dibro- 


acid [1,2 


acetic acid under irradiation: m.p. 


Found 21.66; 1.56; 1.61 


The acid does give melting point depression mixed test with the acid 


water was added and thé product extracted with chloroform, The solvent was driven off and the solid résidue 
recrystallized from mixture berzene and ligroine; m.p. yield 7.9 (91% theory). 


solution was then acidified with hydrochloric acid and extracted with ether, The ethereal extract was with cal- 
cium After driving off the ether, the solid residue was recrystallized from ligroine, m.p. yield 


3.8 (67% theory). The acid obtained does not give depression mixed test with authentic speci- 
acid, 


butyric acid with twice the weight chloride, The chloride -p. 69-70° (2.5 mm): 


After the ether had been driven off, the residue was extracted with hot the ben- 
zene deposits the amide which after recrystallization has 
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The excess chloride was driven off and the distilled vacuum, 


until saturated, After the ether had been driven off, the crystalline residue was 
times with cooling, the benzene solution the amide the form plates; 


tw 
a 9 
a 
c 
w 


Found N.9.02: 


The amide does not cive depression melting point admixture with the amide prepared the same 
route from Auwers and 


was heated at.60° for The was distilled off and had b.p. 
found 29.60; calculated for These are 


Tne two was adding them, when one and the same 
obtained with m.p. 44°. mixed sample dia not give m.p. depression, 


crops The was stood room temperature overnight, Dis- 


4 


refluxed for hours, After cooling, water was addéd and the product extracted with 
was removed and the residue distilled vacuum, The mm) fraction was 

product which after recrystallization from mixture benzene and ligroine had 
theory 


acid. acid was heated with 2.1 triethylamine water bath 
for heating the mass was liquid, but subsequently crystals gradually 
came cid was added the reaction mass; the oil which settled out was 


The acid condenser; yield 2.1 (70% theory); (from 


melting point admixture with the acid obtained hydrolysis 


wa: refluxed hours. the hot solution was added cooling the 
melting point with the original amide w.as 58-60°, 


SUMMARY 


acid was prepared hydrolysis its The chloride and amide the acid 
were prepared the usual methods. 


was that, under the action acid and its amide and nitrile isomer- 
acid and its amide nitrile. 


| 
A 
3. series of Cervatives of 
2 eve 


was established that the acid obtained Auwers and Wissebach reduction 
acid with zinc and acetic acid ethyl alcohol acid, as. the but 


was shown two-step reduction Auwers and Wissebach -trichlorocrotonic acid cro- 
tonic acid proceeds with double which was not detected these authors, Consequently the reduction 
acid crotonic acid, which was performed Auwers and Wissebach, cannot serve 
establish the configuration 
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PHOSPHINIC 


The addition salts mercury to. vinylethers (and esters); studied one and Lutsenke [1}, proceeds 
such attached the olefinic carbon linkage, while the alkyl radical the vinyl 
ether links with oxygen and acquires function 


the present paper investigate the additicn phosphorus pentachloride alkyl (aryl) vinyl ethers and 
rated compounds was discovered March and Gardner (2] who showed that camphene reacts with phosphorus penta- 
give addition product forming, after treatment with water, camphenephosphinic 


Harnist [3] added phosphorus pentachloride styrene, diphenylethylene, isobutene and Bulle 
carried out the reaction phosphorus pentachloride with Bergman and Bondi fairly 
study the addition phosphorus pentachloride series unsaturated aromatic ‘compounds; they established 
that addition phosphorus pentachloride readily take place, mainly 


The same line was and Bachmann who showed that addition 
phosphorus the double proceeds such way that the group adds the most hydrogen- 
ated carbon atom while atom chlorine adds the least The products addition are 
isolated the form double compounds with phosphorus 


The addition phosphorus pentachloride vinyl ethers has hitherto been investigated, was established 
that gradual addition vinyl ethers suspension pentachloride benzene leads very violent 
reaction with formation solid, crystalline product addition from which gaseous hydrogen chloride begins 
come off more intensively the higher the temperature the reaction mass, Addition phosphorus pehtachloride 
vinyl ethers follows the Markovnikov In-this obtained products addition phosphorus penta- 
n-hexyl and vinyl ethers. The addition compounds are crystalline substances which lese hydrogen chlo- 
ride room temperature and are extremely easily the These properties prevented from 
lating the compounds the pure state, Subsequently the addition products were worked with 
(Michaelis until completely uansformed liquid. After the solvent, the phosphorus oxychloride and the 
chloride had been off, the residue was kept the vacuum jet pump boiling water bath until 
the whole the hydrogen chloride was split off; was fractionated vacuum give the chlorides the 
acids. The expressed the following 


Thus the addition phosphorus vinyl ethers proceeds just the addition other compounds 
with olefinic bond and quite differently the addition mercury salts, The dimeric molec adds on; 
the alkyl radical the alkoxyl remains intact and hydrogen chloride split off with regeneration the unsaturated 
structure the vinyl ether, After the addition phosphorus pentachloride the hydrogen atoms the methylene 


linkage are found extremely mobile and the two possible reactions only one realized, namely, the 
one involving cleavage this hydrogen HCl 
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made nse this reaction for the synthesis large diverse functional derivatives 


EXPERIMENTAL 


phinic acids were synthesized the manner. Experiments were out dry flask protected against 

dry benzene was gradually added from dropping with shaking and water cooling, mole alkyl 
Considerable heat developed and crystalline precipitate was formed; short time after the 
the ether had been run in, the precipitate started give off hydrogen chloride. The following day 
was passed into the room temperature the crystalline precipitate was completely transformed 
The reaction proceeded with heat development; cooling was sometimes employed. The product was 
Claisen flask and the benzene, and were distilled off vacuum; the mixture was kept 
the jet hot water bath until the whole the had split off andthe residue was 

then vacuum. This method was useé for the synthesis the the B-alkoxy 
phosphinic acids whose properties are set forth the table. 


Into the previausly prepared addition product 
was passed until transformation the crystalline mass into liquid, After the solvegt, 


the and had been driven off tesidue was fractionated chlor- 


a 


Found 17.33; 20.17; 20.49; 2.62; 2.62; 40.65; 40.18 


column) 


1.2058 


chloride 


until the substance had turned liquid the and were then off 
the pressure and the residue Yield 87% theory with b.p, mm); 1.4969; 
2297) 

“ 3321. 


Found 16.19; 16.47; 37.45 


i 


; 


Found 14.14; 32.60; 32.80 


Same for preparation, 


Found 36.19; 36.42; 5.62; 5.30; 13,23; 13.20 


Found 12.63; 12.69; 28.82 


Found 12.84; 12.89; 40.75; 40.90; 2.79; 2.97 


Calculated 13.08; 40.50; 2.95 


Chlorides B-alkoxy (phenoxy)vinylphosphinic acids are also obtained good yield the addition 
products (ROCHC] with carboxylic acids and also with water, The chlorides 
acids that studied were liquids (except the solid 

vacuum without possessing weak acid chloride odor and stable keeping. chlorides 
are soluble are slowly hydrolyzed cold water and quickly bot; they all de- 
colorize bromine water, 


SUMMARY 


The addition phosphcrus vinyl ethers was studied, 


and convenient method was developed for the dichlorides 
phosphinic acids. 
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AND ORTHOFORMIC ACIDS 


previous communications gave the dipole moments orthocarbonic, orthosilicic and orthotitanic acids 
and their possible the basis calculation the dipole momenis various models 
esters orthocafbonic, orthosilicic and orthotitanic acids and calculation the interatomic these 
models (allowing for the radius action van der Waal forces for methyl groups showed-that the change 
the alkoxy groups esters orthocarbonic, and orthotitanic and the 


Continuing our studies the dipole moments esters ortho acids, appeared imerest measure the 
dipole esters orthopropionic and orthoformic acids, were made the moments the 
esters set forth Table 


propionic acid gave values 1.84 2,00 and mean 
value The mean value for the dipole 


compound 


Dipole moment 


the dipole moments esters and ortho- 
formic acids are considerably higher than those 
Esters orthopropionic andorthoformic acid poss- 
the distribution the dipale moments the individual 
bonds, the esters orthopropionic acid are similar 


esters phosphorous acid since the momeat 
the bond assumed zero; the distribution the, dipcle moments the individual bonds esters ortho- 
formic acid similar the distribution the dipole moments the individual bonds esters phosphorous acid 
since the dipole mcment the bond assumed 0.4 Esters and acids con- 
tain three irregular alkoxy groups 110° with the direction the bond, 


calculating the dipole momeats molecular models esters and orthoformic acids, 
bond 0.4 The valence angle oxygen 110°; that the carbon 109° The dipole moment the mole- 
cule orthopropionic esters, the assumption completely free rotation the three 
the C—O bonds, 1.96 and almost identical with the experimentally determined value (1.92 D), 


Caiculation the interatomic distances molecular models, making allowance for the covalent 
carbon and the radius the fields action the van der Waals forces for the methyl group (2.0 A), shows that com- 
pletely free rotation the groups round the bonds esters orthopropionic acid due the 
considerable influence the fields action van der Waals forces all positions taken during 
the groups round tne bends, The interatomic distance 1.43 


studied the dipole moments and interatomic distances all possible models with synchronous movement 
three groups together, and the fourth group rotating independently, also models with pairwise disposi- 
tion two groups one piane and third group and the C—CH, another plane perpendicular 
the first. However, among all these models failed find one whose dipole approximated the 
experimentally found value; nor could find one which reproduced the van der Waals fields the methyl 
and methylene groups. The smallest area superposition the van der Waals fields force the and 
methylene groups exhibited the (Fig. 1), but its dipole moment 1.15 and very different from 
the experimental 
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Esters orthoformic acid dipole with mean vaiu 
the order 1.90 The dipole moment the molecule ester 
orthoformic acid with tetrahedral distribution three bonds and 
one bond free rotation the three groups round the 
bonds proved 1.86 and barely different from the experimental 
(1.90 D). Esters acid differ from esters 
chain, The radius action the van der forces 
for thé hydrogen atom 1.2 


have studied the dipole moments and distances 
models developed the groups around the 
donds and found that the free rotation groups around the esters also 
due the considerable influence the van der Waals fields force the methyl and methylene groups 
and the field action the van der Waals forces the atom. 


the dipole moments and distances rigid models esters orthof acid, 

three groups are rotating synchronously round the bonds, shaws that none these models can accept 
far the esters acid since they are all greatly influenced the fields action the wan der Waals 
forces the methyl group and the hydrogen study the dipole moments and interatomic distances 
with movemient two groups one plane and with third group the plane 
bond shows that model (Fig. has the least area the spheres action the van der 
Waals forces the methyl groups and the hydrogen However, the moment this model 1.16 
less than the experimentally found 


~ 


nowithstanding that the mean magnitude the dipole for esters orthopropionic and 
acids nearly exactly corresponds dipole moment molecule which allowance made for free 
three groups round the bonds, the basis study the distances models 
eaters arrive the conclusion that the groups round the bonds esters ortho- 
propionic orthoformic 

study 


models with synchronization the movement three groups paired synchronized 
groups two directions perpendicular each other likewise did not enable the character 


act.on 2.0 for the van der Waals fields force the and methylene groups and radius ‘or 
force the hydrogen atom, most probable that the groups and the CHyCH,C chain 


are arranged pairwise two planes other (model Fig. 1); esters 
acid tne most probable are model (Fig. and which groups are arranged 
the plane the model with pairwise disposition the lakoxy two planes 

each other has been proposed for esters orthopropionic acid one and Yuldasheva the 


Measurements the parachors esters orthopropionic acid 


Compound were found 2.13 and 2.07 These compounds contain and 

the disposition and number irregular condition permitted calculate the dipole 


the rigid structures.and the model with free rotation the irregular groups for these esters since the 


The dipole moment the the bipyramid for the condition perfectly free 
the ethoxy groups round the respective bonds, was calculated from the formula Svirbely and 
and equal 2.19 which close the experimental value 2.29 The dipole moment the 
the for the condition completely free rotation the six 
groups rou the respective bonds, was found the formula Svirbely and Lander [5] 2.45 

0.32 more than the value The dipole moment the model the 


fully free rotation the six groups round the bonds, 2.93 0.8 higher than 
value, 


i Cie ri 9 
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made the following assumptions our calculations the dipole moments the molecylar models: di- 
pole moment the bond that the hond 1.0 that the: bond 1.20 
the corresponding were from dipole moment ether, equal and the dipole 
distances the models possible with free rotation the groups, allowing for the. covalent radius anti- 
mony (1,40 and the covalent radius tungsten (1.39 and the effective thickness the aromatic molecule 
3,7 [3], shows that free rotation the irregular groups the compounds and 
impossible due steric hindrance between the ethoxyl groups and the aromatic rings. 


The least influence the effective thickness the ring and the spheres the van der 
forces attained when the aromatic ring arrauged the plane the rectangular base the tetragonal 
bipyramide while the ethoxy arranged the plane the triangular base the trigonal The 
bonds, since the dipole moments the three bonds the plane -base the bipyramid 
are mutually compensated and are eqwal zero the pole moments these groups ere directed 
sides, equal 2.10 the dipole moments two bonds the same side, 


the molecules and w(oc dipole moments four groups, distri buted 
the plane the base the are also mutually compensated and the resultant dipole moment 
oppositely directed, equal 1.88 and 2.26 respectively the dipole moments these bonds are directed 


The dipole moment the model with the superposition the spheres action the van der 


for the various The dipole moments molecules least affected the spheres action the 


the respective experimental values 2.29, 243, and 2.10 


EXPERIMENTAL 


The constants and densities benzene solutions and orthoformic acids 
were determined Dipole moments were calculated from the formula: 


prepared the orthopropionic acid the orthopropionate with the 
appropriate presence conc, phosphoric acid. They had the following constants (Table 
TABLE 
mercury column) 


calculated 


48.69 


The ester orthoformic acid was synthesized reaction sodium methoxide with chloroform 
ethereal solution, The ethyl ester orthoformic acid was reacting sodium ethoxide w-th chloroform, 
while cooling, alcoholic The ester orthoformic acid was obtained transesterification 


the ethyl ester wih n-butyl alcohol presence acid. The orthofumaric esters had the constants set 


pentaethoxide with 160-162°(4.5 mm) was prepared interaction sod.um and 
antimony pentachloride benzene 
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mercury calculated 
145-146 


Tungsten hexaphenoxide with was tungsten hexachloride with parts 
phenol, The precipitate was washed with alcohol and recrystallized from Dark-red 


0.62319 
Found 0.02320 


Hydrogen come off the The reaction mixture was heated the boil 
10-15 min. and gave dark, cherry-red Addition small quantity absolute alcohol followed 
stand overnight resulted deposition black crystals which were drained, washed the filter with abso- 
lute yield After absolute alcohol Soxhlet apparatus, black crystals with 
were obtained. residue the filter was extracted with boiling benzene; the benzene 
solution was added equal alcohol. After short time, black crystals came down, Recrystallization 
from large quantity benzene gave with dark garnet color, 


The dielectric constants, and polarizations benzene solutions various concentrations the com- 
pounds are set forth Tables 14, 


27.28 0.007147 .3008 0.8742 
27.48 0.011660 0.8742 


nm & 


to to 


2.2789 0.002816 2.2850 
0.094553 2.2885 
0.005591 2.2918 
0.006276 2.2831 
2.2902 2.2943 
2.2847 0.007975 2.2975 


found 
26.45 
39.69 
27.10 138.2 
27.26 
27.26 134.9 
27.64 
27.84 
27.73 
0.602102 0.8746 27.18 170.5 
ae 


TABLE 


2.2960 0.8793 1.4960 
0.004387 2.3058 1.4960 
2.3091 0.8805 1.4959 
2.3302 0.0059 1.4958 


TABLE 
2.2904 0.8734 27.59 

TABLE 


TABLE 


2.2840 

137.6 

0.008849 2.3114 27.69 143.6 
0.012040 2.3232 141.5 
0.010650 2.3185 27.88 


TABLE 


1.4961 
0.8767 1.4976 
2.2817 0.8784 
2.2840 0.8798 
0.8774 


278.5 
305.9 

26.92 272.1 

234.4 26.99 260.9 

26.19 194.1 26.73 235.4 


‘ 
: 
26.32 27.31 170.3 
26.25 65.85 27.29 217.2 
26.43 69.19 27.72 176.9 
529 


TABLE 


0.8755 1.4953 


2.2738 

2.2819 0.8784 1.4977 
2.2842 0.8786 1.4984 


SUMMARY 
Measuremems were made the dipole moments n-propyl, n-butyl, hexyl and ociyl esters 
orthopropionic acid (mean value dipole moment 1.92 D), the methyl, ethyl and n-butyl esters ortho- 
formic acid (mean value 1.90 


Measurements were made the dipole moments and antimony pentaethoxide (2.29 D), 


tungsten (2.13 and (2.10 D). 
Calculation the distances various molecular models, allowing for the radius the 
spheres action the van der Waals forces the methyl and methylene groups (2.0 and the radius the 
spheres action the der Waals forces the hydrogen atom (1.2 A), shows tha free the irregular 
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26.26 212.5 26.87 303.3 
26.40 262.5 26.98 315.6 
26.22 363.5 26.79 397.7 
be 


TABLE 


into the group 


side one and the 


102 


0.9753 
0.9688 
0.9507 
0.9383 
0.9316 
0.9216 


1.4340 

1.4440 

1.4430 


units was the usual method 


PARACHORS MONOESTERS ETHYLPHOSPHONOUS ACID 


28.8 
27.7 
29.5 
29.4 


was shown communications, the structural peculiarities types organic molecules, 
characterized the presence certain spatial distribution long chains, readily detected 
from the the parachors, calculating the values the parachors the method 

values", these peculiarities structure are manifested for and 
chains and the value the molecular parachor 


current problem which not been adequately clarified the nature and 
appearance for now have studied the parachors compounds which the 
fall molecular parachor was brought about interaction between the carbon atoms two three chains in- 
distribution the chains paraliel one 


examples, which the chains excluded, are the mono- 
esters acid: The ethylphosphonous acid are analogs dialkylphosphorous acids 
which one hydrocarbon chain directly artached Study their parachors therefore interest 
because the possibility establishing not they Association certain 
phorous and phosphonous acids 


this communication present our data for the parachors series.of monoesters ethylphosphonous 
acid, synthesized their constants are set forth Table 


Table are set forth the theoretical values the parachors calculated for.the monomeric form the 
monoesters ethylphosphonous acid with for the for the the chain 


from the the ester correction for the the chain units [3] enters 


see from Table the experimental parachors have lower values than the theoretic values 
The obtained deviations, which exceed the experimental error, cannot accounted for purity the 
investigated compounds, Repeated syntheses purification dia not appreciably change the values the para- 
chors, Evidently this case the low values the parachors must explained the presence structural fac- 
tors which were not allowed for the corrections introduced, Low values were obtained for esters 
fumaric acid which can hardly suggest that possibility parallel arrangement chains view the 
the carboxyl the same phenomenon has been observed with esters terephthalic acid 


Sa 


(3.5) 29.4 


and number other acids which interaction chains likewise highly improbable, 


The compared values calculated and found parachors for and terephthalic acids were 
the assumption with parallel chains different molecules and with introduc- 
tion the value the molecular parachor unit (1/2 per carbon atom the ester 
chain the 


and correction for the ester chains different molecules are set forth Table 
the ester ethy!phosphonous acid are assumed both for the main and the side 

see the Table the adoption for parallelity the ester chains two mole- 


cules leads good agreement between the and 


acids. From data for Raman spectra lower dialkylphosphorous acids from through di- 
Arbuzov, and Vinogradova {1} inferred the occurrence association due 


Subsequently arrived the conclusion the basis study the parachors dialkyl- 
acids, the lower dialkylphosphorous acids were The higher dialkylphosphorous acids, 
bonds was confirmed Meyrick and study the Raman and infrared spectra 
and Later, however, Bellamy and [8] did not confirm the data 


Meyrick and for the infrared spectrum 


carried out [9] measurement the molecular weights the dialkylphosphorous acids 
and that with increasing concentration the molecila: weight acid rises, 
which ind.cates dimethylphospnorous acid associated the state [9]. Kosolapoff and Powell 
that our data rising molecular weights lower acids with incieasing concentration 
were for unusually high concentrations; the basis molecular weight determinations diethyl and 
acids dilute solution, they consider them 
acids hydrogen bond from their heats mixing with chloroform, 


Deviation 


Deviation, 


-correctim 


242.8 242.8 


obtained data for the molecular weights dialkylphosphorous acids both for unusually high con- 


centrations, the case high concentrations these data must considered carefully and should regarded 
only increase molecular weight, must pointed out that for associated liquids 


which breaks the hydrogen bond the substances, the molecular weight does 


apprec.abley even concentration 8-9 moles per moles (acetic acid dicxane 


ows from what has been said that the problem the assoc.ation dialkylphosphorous acids and closely re- 
weet anie ati 7 
pes der.vatives phosphorus the liquid state regarded conclus vely solved, For 


interest attaches the study the presence absence association acid esters 


Tne question the need for corrections for the side chain cannot finally 
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acid, the opinion Kosolapoff the group directly iinked the phosphorus 
increase the susceptibility hydrogen bond... 


-In work with acids Gibling enablished the influeace association the magnitude the 
lar For higher fatty acids, dimeric ‘complexes, the difference in. the yalue the parachor, 
for each CH, group the usual difference 39.8 units. carried out 
this type for the investigated esters, introducing corrections for interaction and without corrections, The dif- 
ference obtained when corrections are introduced does not permit judge whether associacion monoesters 
ethylphosphenous acid occurs. 


the nonyl and octyl esters (186.6 units), very close the value obtained from the the 
This also indicates the great probability monomeric for esters ethylphosphoncus acid. The 
calculated the assumption dimeric form the first members the series, the way for the dialkyl- 
phosphorous acids, not give any indications association esters ethylphosphonous 


supplemented our data for the parachors the monoesiers acid carrying out 
Table are set the molecular weights determined benzene various 
tions, 


TABLE 


mol 


wt, 


see from Table with rising conceniration the benzene solutions, all cases insignifi- 
cant rise molecular weight observed, not exceeding 10% the monomeric weight even con- 
centrations 3-4 mole-%, the basis these data impossible draw finai about 
the absence association the lower monoesters ethylphosphonous acid the liquid 


4.65 153.8 3.34 197.6 
2.27 0.93 211.5 
- 
157.4 1,45 217.4 
2.15 
2.91 
2.98 158.9 0£7 225.3 
> - = 4 


SUMMARY 


molecules, 


Data for parachors and weights, the latter determined point mono- 
meric forms the than their association. 
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Arbuzov and Vinogradova 


The method group values proposed Gibling for calculation the parachor provides evi- 
dence hydrocarbon chains ester groups and inorganic acids, amines and 
other types organie compounds both with the central atoms ("bending correction") and with one 
tion for the compounds studied the method parachors, interaction chains in- 
side molecule has been found, although recent parachor studies have given indications between the 


applying the parachor method the elucidation structures organic unclarified 
same time, hydrocarbon radicais miay exercise considerable influence series 
sion that there strong int interaction the groups these 


the iso compounds with allowance for parallelity. may start from the considera- 
tion that the main chains interact with one another there also interaction with the side chains, 
may considered relation the correction for chain bending. For esters carbonic, malon- 
and acids [4] with branched chains, Gibling only paralielity correction for the main chains, 


previcus presented calculations the parachors series iso esters with introduction 
corrections for interaction between carbon atoms both the main and the side chains, appeared 
table forth the calculated parachors these esters with allowance for interaction also.of the side chains [5]. 
reproduce this table again Table with the modification that the parachors the and iso- 
amyl esters malonic acid are calculated the basis group units; which 


see fom Table the data not provide answer the question the need introduce corrections 
for the side chain, since sharp differenc corrections the majority cases, however, the 
best resuks got introducing corrections for the side chain. Comparison of.the parachors obtained isopro- 
phosphite and phosphate with the calculated with insertion corrections for bend- 
ing allthe atoms the chains showed good agreement, 


the assumption parallelity the two ester chains esters phosphorous acids calcutated 


The data obtained also indicate the necessity insert corrections parallelity the carbons.of both the main 
and the side 


derives the parachor triisobutyl phosphate but does not apply corrections for branching the 
ester Chains; assumes that the methyl are the plane symmetry the PQ, that 
this case should subsidiary the basis data for ortho esters and 
that corrections for parallelity iso radicals need only introduced the main chains, 
the parachors the isopropyl and esters succinic and adipic acids with allowance 


These parachors are enumerated paper [9], 
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Corrections 
Dusobutyl carbonate 
carbonate 


malonate 


586.9 


sulfite 


sulfite 


pape: [5] this was wrongly printed sulfite. 
same paper this was printed sulfate. 


Name compound Deviations 


5-Nonyl 


826.9 


carbonate 


Nonyl malonate 


911.1 


silicate 1556.1 1566.8 
1584.5 


from and determined 60°. 


for the main and side chains not supply data, The difference parachors this case 
and lies within the limits experimental 


thal inspection the data for parachors iso compounds does not lead decisive answer 
the estion For the purpose obtaining supplementary data, synthesized esters 
the differences corrections are and Table the data that obtained for 
the parachors esters are compared with the values for two possible structures: 


assumption interacuon carbon atoms only the main chains and introduction for 
both the main and the side chains. 


Assuming paired ester chains orthosilicates [10] and their the radical, 
the for parallelity are taken for the and for the for cach pair 
with allowance for interaction the side chains, inc! 


1aims, 


correction for parallelity for the and 
roup and for the and €-carbons 


the two 5-nonyl chains arranged one s:de the 
the third branched chain the other side the BO, group 


The data set forth Table conclusively point the necessity for insertion for 
the side chains, The errors from allowance only for the main chains reach 
Parachors obtained for compounds containing branched chains are lower the majority cases than the parachors 
their normal-chain isomers. Thus, for example, the parachor the ester acid 
1591.8 units and differs from the parachor 35.7 units, The difference, however, 
the group values these esters only 10.4 Consequently the 25.3 units difference the 
must attributed the corrections which are introduced allow for the structural differences between esters 


with branched and unbranched 
EXPERIMENTAL 
was prepared the method and had 88-88.5° (13 mm). 


carbonate, The reaction was carried out flask with Widmer column presence metallic sodium cata- 


lyst, Two distillations gave pure product with 156- 156.5° (3.5 mm); 1.4330; 0.8765; 27.1 
dynes /cm, 


acetate. From and 5.5 acetyl chloride was obtained 5-nonyl acetate with b.p. 


5-Nonyl malonate was obtained transesterification diethyl (5.5 with (10 
presence metallic alcohol came off with difficulty bath temperature 


alcohol came over, Two gave product with 192- mm); 0.9156; 


borate, Reactants were borate and The alcohol came off 
bath temperature the alcohol collected (theoretical requirement 6.6 g). The bath temp- 
erature the close distillation the alcohol was Two distillations gave rapidly crystallizing product 


with b.p. 167°(1.5 mm); 22.33; mp. 


(16 The reaction takes place adding small pellet sodium, came off (5.5 theoretical 


SUMMARY 


The esters carbonic, malonic, boric and orthosilicic acids, not previously described the 
literature, were 


The parachors that obtained indicate the necessity for corrections for the parallelity the main and 
side chains. 
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ETHYLPHOSPHONOUS ESTERS AND SOME THEIR TRANSFORMATIONS 


Arbuzov and Rizpolozhensky 


acid synthesized [2], prepared series esters ethyldiethylami acid. These esters; 
like the diethylamides the esters phosphanoformic acid, were preparea two methods. have 
Arbuzov [3] full esters ethylphosphonous acid chloride. 


case than rearrangement the full esters ethylphosphonous acid 


The physical the esters prepared are set forth Table 


may noted that examining the table physical properties the measured refraction seen 
differ from the caiculated value appioximately 157 the average This indicates 
for the structure question the value the atomic refraction nitrogea and should have 
differed from the value adopted calculating the molecular 


For the atomic refraction phosphorus took the value For the nitrogen took 
The rema.ning values were those given 


EXPERIMENTAL 


ester ethyldiethylami doformylphosphonic acid, Into 3-necked flask with stirrer, 
condenser and dropping funnel were introduced sodium (excess and about ethyl 


ester ethylphosphonous acid was then run The flask was heated for hours water bath. The excess 
sodium was eliminated and into the ethereal solution the sodium the ethyl ethylphosphonous 
was run (through the dropping funnel) 4.3 chloride, after which the flask was heated for 
the water bath. The precipitate sodium chloride was separated centrifuging and the residue (after 
the ether) was distilled vacuum from Arbuzov 


Two fractional distillations Arbuzov flask yielded the ester 
acid with the following 107-108°(2 mm); 1.0538; found 


Found 13,85; 13,92 


all the following experiments the same procedure was the syntheses, 
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Ag 

4 

. 
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107-108 


36.8 


112-113 


(2) 1.0346 62.54 


67.20 65.82 


145-146.5 


143-145 (2) 0.9817 14565 


88.91 


(1.5) 1.4600 94.84 


53.5 


— 
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Synthesis n-propyl ester ethyldiethylamidoformylphosphonic Reactants were ester 
ethylphosphonous acid, 0.7 sodium (with excess) and 3.8 diethylcarbamyl The ester obtained had 


61.21; yield 2.4 36.8% 


isopropyl ester acid. Reactants were 0.6 sodium (with. 
excess), 2.5 ester ethylphosphonous acid and 2.5 chloride. The isopropyl 


Found 13,12; 13.00 


Preparation ester acid. Reactants were 1.5 (with 
diethylamidoformylphosphonic acid had the following constants: 111-112° (0.5 mm); 


Found 12.41; 12.55 


Synthesis n-hexyl ester ethyldiethylamidoformylphosphonic Reactants were 1.4 sodium (with ex- 


cess), 7.2 n-bexy! ester acid and 5.5 diethylcarbamyl The hexyl ester 


Synthesis n-heptyl ester Reactants were sodium (with ex- 
cess), 5.5 ester ethylphosphonous acid and 3.9 chloride, The ester ethyl- 
formylphosphonic acid was obtained amount 30% the theoretical: 143-145° 


Found 10.67; 10.69 


Synthesis n-octyl ester acid, Materials used were sodium (with 
excess), 5.3 ethylphospnonous acid and 3.5 chloride. The n-octyl 
1.4618; found 85.80, calculated OPN 84.29; yield ester 3.5 42% theoretical, 


sodium (with excess), 7.2 n-nonyl ester ethylphosphonous acid and 4.5 chloride. Fractional 
the reaction products vacuum from Arbuzov flask gave the ester. with following 
constants: 145-147°(1.5 mm); 1.4612; found 90,38, calculated for OPN 88.91; 
yield 5.8 55% theory. 


i . Ge 
: 


n-decyl ester acid, Syathesis was performed with sodium 


excess), decyl este ester ethyiphesphonous acid and 3.5 chloride. Vacuum fractionation 


SUMMARY 


chloride with the salts the partial esters ethy onous acid gave 
ethyldiethylamidoformylphosphonic acid. 
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NEW METHOD SYNTHESIS ESTERS PHOSPHONIC AND 
THIOPHOSPHONIC ACIDS 


Pudovik and Kh. Yarmukhametova 


one has shown, the presence alcoholates alkali metals the dialkylphosphorous acids very easily 
add esters unsaturated and and ketocarboxylic acids unsaturaied alde- 
hydes and ketones [4], acetate and imines [6] with formation, respectively, esters phosphonocarboxy- 
lic acids their nitriles and amines, esters ketophosphonic and unsaturated esters, esters phos- 
phoethyl acetate, substituted aminophosphonic esters, Esters unsaturated carboxylic acids used :eactions 
with dialkylphosphorous acids were esters acrylic, methacrylic, crotonic, majeic and 
lic acids, the majority cases the esters phosphonocarboxylic acids were obtained high 


and Mastryukova described the synthesis dialkylthiophosphorous 
phosphorous acids were also prepared our 1950-1951 Nikonorov and and used fer the syn- 
carboxylic ds, synthesize previously unknown esters thiophosphonocarboxylic acids and study their 
ties, The addition was performed presence sodium The the reactions may represented 
the following scheme: 


ONa 


should noted that when carrying out the addition acids esters unsaturated 
acids containing different radicals the groups, was not all cases, due transesterification, 
obtain completely pure products, Esters thiophosphonocarboxylic acids were synthesized the pure form when 
using ‘acids; esters carboxylic acids and alkoxides alcohols with ideatical tadicals the 


and carboxyl groups, The constants and yields the resultant esters acids 
are set forth Table 


see that the esters thiophosphonopropionic, thiophosphonoisobutyric, thiophosphonophenylpropionic, thio- 
phosphonosuccinic acids were obtained quite high yields, 


Hydrolysis the methyl ester acid gave acid with 
strong odor hydrogen sulfide was noticed when the tube was the solution 


Q 
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ment for Arbuzov gave m.p. 166-166.5° for 


az? ail 163°, 


ure 


the process hydrolysis the ester acid with 
the thiophospho group-and its substitution oxygen 


obtain confirmation that the cleavage sulfur from the group, proceeding dur- 


the ester acid not fortuitous, the ester ethylthio- 


acid synthesized and then this case although less easily and less completely, 
cleavage was effected, 


one our previous investigations was shown [1] that acid esters ethyl- and phenyiphosphonous acid 
esters acrylic and methacrylic acids with formation esters the corresponding carboxyalkyl- 
acids, similar manner synthesized the products the above acids the esters cro- 


and maleic The constants and yieids the synthesized esters carboxyethylphosphonic acids 
set forth Table 


. 


results were obtained addition esters acids esters acid, 
and acids the and ethyl esters phenylpropiolic acid, 
when using ratios reactants and when using excess the acids, gives the 


pure form acid, The structure the addi tion products has not been 
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rigorously established, but most probable thar their phosphono groups are both the carbon atoms 


re) 


the product addition diethylphosphorous acid the ester pheny opiolic 


addition the ethyl ester acid the ethyl ester acid, suc- 
ceeded isolating only the product addition one molecule the acid acid adds 


with great facility the ester acetylenedicarboxylic acid, the main product reaction being that 
the addition two molecules acid: 


BLE 


No. 


ure mercury): 


(1.5) 


ah 
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spite repeated fractionation was not possible products addition one molecule from the 
lower boiling fractions, The constants and yields the esters carboxyalkylphosphonic and acids 
exer hylphosph acid esters and acetylenedicarboxylic acids, set forth Table 


The products addition two molecules diethylphosphorous and acids esters 
and acetylene dicarboxy are very readily soluble alcohol and ether, insoluble 
water, 


ure mercury) 


diethylthiophosphorous acid methyl acrylate. reaction mixture comprising 8.5 


and 4.8 methyl acrylate was slowly added, dropwise, concentrated solution 
ethylate ethyl was developed during the reaction, The solution 
ethylate was added until the mixture evolve heat; total drops was added. The re- 


propionic compound and (at the bottom the flask) small quantity resin, 
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drolysis the methyl ester osphonopropicaic acid. esier was heated with 
dilute tube hours. opening the tube strong ‘odor hydrogen sulfide was, 


After repeated evaporation the mixture with periodic replenishing with distilled water the 
and hydrogen sulfide were driven Further the solution resulted deposition which 
three izations from water and drying the melted 162-162. 


Found 20.24; 20.20 


Analysis for sulfur gave negative result. mixed with synthetic acid did not 
gi-e depression point. 


morous acid The reaction was out with 6.6 
iophosphorous acid and 4.3 methyl methacrylate presence sodium There was obtained 9.6 


Found 12.51 


Addition 


and 3.7 methacrylate. The reaction was presence sodium There was obtain- 


2cid 2.8 butyl methacrylate presence sodium 5.6 butyl ester 
acid was obtained (Table compound 4). 


Found 9.22; 9.11 


acid ethyl Reactants were diethylthiophosphorous acid and 
6). 


Found 11,68; 11,64 
11.57 


acid ethyl cinnamate, diethylthiophosphorous acid was reacted 
propionic acid was (Table compound 7), 


hosphorous acid diethyl maleate. acid was reacted 
with diethyl maleate presence sodium ethylate give diethyl ester diethylthiophosphonosuccinic 
acid (Table compound 8). 
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honous acid ethyl Reaction between 2.6 ethyl ester 
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Found 10.91 


the mixture and evaporation. 2.3 crystals came After three from water, 


theoretical, 


(Table compound 3). 

Found 10.49 


the reaction followed final came down, After two recrystallizations 


Found 12.66 


acidto Reaction between 2.4 n-propyl 
acid (Table compound 4). 


Found 9.79; 9.88 


C Calculated®: P 9.93 
ethyl este: ethylphosphonous acid diethyl Reaction between 2.1 ethyl ester 


acid 


acid and 3.15 diethyl presence sodium ethylate gave 3.2 n-propyl ester 


Found 9.93 


dilute sealed tube 140° for hours. repeated evaporation the reaction mixture with periodic 
water, final evaporation gave These could not recrystallized from water 
The 


crystals were thoroughly washed with methyl-ethyl ketone. crystals Yield 


Found 14.67 


propionic acid (Table 1). 


The compound crystallized After recrystalliza 
ine crystals melted at 109-111 


& 
> 
¢ 
ac 
| 
fF 
Additior 
| 
4 
acig a : 
: 
3438 


phosphono)- acid (Table compound 2). 


Calculated % P 14, 24 


tube with dilute (1:1) for hours After repeated evaporation with fresh water, final eva- 


Addition acid phenyipropiolate, Reaction between diethylphosphorous 


(Table compound 


acid and 6.1 ethyl phenylpropiolate ptesence sodium the reaction 
liquid, 

Analysis compound 


compound 


ethylphosphorous acid with ethyl phenylpropiolate product (Table compound 6).. 


Addition acid diethyl Reaction was effected between 
ophosphorous acid and diethyl There was obtained 2.3 ester 


Found 13,25; 13.00 


SUMMARY 


Addition acid esters acrylic, methacrylic, cinnamic and maleic acids gave 
high yields esters diaikylthioph osphonophenyl- 
and acids, 


Addition was effected esters ethyl- and phenyiphosphorous acids esters crotonic, cinnamic and 
maleic 


and acetylenedicarboxylic acids esters and dialkylthiophosphono- cinnamic 
acid, esters and phenylpropionic acid and esiers 
thiophosphono)-succinic acid, 
Rec 
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MECHANISM REACTION PHOSPHORUS PENTACHLORIDE 


WITH CARBOXYLIC ACID 


Kirsanov 


all textbooks, handbooks, and reference books organic chemistry, stated that the action phosphorus 


pentachloride unsubstituted amides carboxylic acids leads formation oxychloride and amido- 


however, isolate the amidochlorides the pure form since they are unstable and break 


i.e., formation takes place hydrogen chloride and ich likewise and the 


Such mechanism the reaction between phosphorus pentachloride and carboxylic acid amides was proposed 
far back 1858 1877 was studied Wallach [2] and since then has been unreservedly 
accepted all scientists who have investigated the reaction phosphorus with carboxylic acid amides 
[3}. 


Wal.ach reactions which could not explained his scheme and called for additional 
these the most are the following: reacting with trichloro- 
acetamide, Wallach [2] obtained not the amido chloride but compound whose composition 
order account for the formation this substance, Wallach proposed supplementary scheme according 
which the imidochloride formed this reaction can enter into reaction with phosphorus oxychloride: 


with formation chlorides acids, Compounds similar type were later 
prepared Steinkopf [4] who accepted for them the mechanism formation and the structure proposed 


must noted that when discussing the possible structure the phosphorus-containing compound obtained 
from and phosphorus Wallach considered only two formulas, namely 
and and overlooked third possible formula should also 
pointed out that the supplementary hypothesis reaction the imidochlorides with phosphorus oxychloride was not 
checked experimentally, has never been and obviously originated the desire give some sort ex- 
planation the mechanism the reaction through intermediate formation amidochlorides 


second fact which did not fit with Wallach's scheme was the reaction (which discovered) the 
amidochloride prepared from ethyl oxamate with phenols and this reaction place the expect- 


Report the Session the Division Chemical Sciences the Academy Sciences the USSR, April 


iminoesters which should have been formed according the scheme: 
there were actually obtained chloride and esters oxamic acid with the same alcohol which was introduced 
into the reaction, the process took place according the scheme: 
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did not give any convincing explanation this mechanism, 


Titherley and [6] the action phosphorus pentachloride benzamide and estab- 
lished that the first product the reaction evidently substance with the composition but they 
isolate this compound the pure state. exposing solution the original product the action 
atmospheric moisture, Titherley and Worrall obtained nearly quantitative yield 
which heating broke down quantitatively benzonitrile, hydrogen chloride, phosphorus oxychlor- 
ide and metaphosphoric acid. 


Notwithstanding all these inconsistencies, scheme has not been subjected criticism since its pub- 


lication 1877 the present day and cited incontestable fact not only reference books but even all ele- 
mentary textbooks organic chemistry. 


Recently was found that amides sulfonic acids easily and quantitatively react with phosphorus 


with evolution hydrogen chloride and formation the corresponding compounds 
ding the scheme: 


The general and proceeds with equal ease for sulfamide amides aro- 
matic sulfonic and amides alicyclic sulfonic acids. 
The mechanism reaction phospherus pentachloride with amides sulfuric acid is-probably follows, 
the outset the ion attaches itself the coordinatively unsaturated nitrogen atom 
the unstable product stabilized with -off hydrogen chloride and proton: 
The proton reacts with tie ion with formation hydrogen chloride and which immediately breaks down 


Carboxylic acid amides are not strictly analogs amides sulfonic acids, but the nitrogen atom the amides 
coordinat ively likewise linked two atoms hydrogen, asis the nitrogen atom 
acid amices, There therefore good reason assume that the reaction phosphorus pentachloride with 


acid amides must proceed according the same mechanism for sulfonic acid amides, with furma- 


would undoubtedly suggest that the properties trichlorophosphazosulfonacyls must 
the compounds, First, these two classes compounds must differ 


cleavage, the trichlorophosphazoacyls must torm phosphorus oxychloride and stable, 
nitriles; 


Hence, the thermal cleavage trichlorophosphazoacyls must proceed with great facility and with good 
Thermal cleavage trichlorophosphazosulfo compounds must yield phosphorus oxychloride and unstable 


aryl sulfans which are evidently thermodynamically not too and which have been hitherto 


the thermal cleavage compounds must proceed with great difficulty and with 
poor yields, experimental results [10]. 
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thus have sufficient and experimental and theoretical evidence throw doubt upon the 
ness mechanism, and suggest that the action.of phosphorus pentachlonde carboxylic acid 
amides actually leads rot bur easily break down 
oxychloride and nitriles: 


Formation imidochlorides readily for the following reaction with nitriles: RCN 

more probably: RC= The latter does not call for confirmation since 
the usual method [11]. The newly mechanism not, however, explain 
the formation amidochlorides which, according the generally scheme Wallach, are the first 
ucts the reaction, detailed study original established that Wallach did not isolate the 
pure state single one the the type the reaction phosphorus pentachloride 
with carboxylic acid The crude products obtained were only analyzed for chlorine, which 
connection the data were very different fiom the theoretical values and frequently were more 
consistent with the composition than with the 


study the reaction acetamide and benzamide with phosphorus Wallach failed 
late any pure substances, for which reason wrote; suitable model for the study the reaction 
phosphorus pentachloride with carboxylic acid chose modei the ethyl ester oxamic acid, 

This choice must considered most unfortunate, for oxalic acid and its amides differ sharply properties both 
from the monobasic carboxylic acids and from all other dibasic carboxylic acids and their 
suffices recall the exceptionally easy oxidizability oxalic acid and its derivatives, sharply diff ferentiating 
from the overwhelming the zemaining carboxylic acids, the characteristic reaction oxa- 
lic acid esters with Moreover, must reckon the possibility reaction phosphor- 
ous pentachloride not only with the carbamido group but also with the carbethoxy, Consequently the data obtained 
for ethyl oxamate cannot regarded the behavior amides all other carboxylic acids, Moreover, 
even these data, examined critically; provide any evidence that the first product reaction ethyl 
oxamate with phosphorus pentachloride the corresponding Wallach that one molecule 

pentachloride acts oxamate evolution hydrogen chloride, the being color- 
transparent which deposits crystals cooling, but Wallach did succeed isolating the crystals 

the pure the best case the chlorine this substance was .12% less than required for the amido- 
Other analyses were not reactions demon onstrating that the substance really 


was amidochloride were carried out, except the cleavage the reaction product which led 


Wallach also gives detailed description the formation from the reaction mixture the action atmos- 
pheric moisture pure with the discusses the possible structure 
and expresses surprise apropos the fact that the substance undoubtedly orly formed presence 
pheric moisture. impossible reconcile the formation substance with hypothesis primary 
formation amidochloride with the structure since altogether improbable that under 
the action atmospheric moisture phosphorus oxychloride could add while the 
atmospheric the substance not formed. Wallach did not put forward any explanation the formation 
the bur nevertheless considered that the formation amidochlorides the action 
phosphorus carboxylic acid amides had been completely Thus close examination 
paper shows that the formation during the action phosphorus pentachloride 
ethyl oxamate was not not proved but was even extremely improbable. 


The pentachloride with carboxylic acid amides was studied not cnly Wallach but 
demonstrated their formation the action pentachloride unsubstituted carboxylic acid amides 
any trustworthy indirect methods, Consequently there are reliable experimental data prove that amidochlorides 
are obtained the action pentachloride carboxylic acid was only due the great 
reputation Wallach scientist that his unfounded and erroneous conclusions about the reaction phosphorus 


pentachloride wtih carboxylic acid amides were accepted quite uncritically and have been regarded entirely 
for over 


For final the problem was necessary make experimental study the reaction phospho- 
tus pentachloride with carboxylic acid amides and check ahd clarify the conflicting and confused results 
Wallach regarding the reaction with oxamate, 
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The first substance since the data benzamide can applied 

with munor amides other carboxylic acids, w2s found that readily reacts 


tion 70°, the process completed few minutes and about 90% the evolved 


After 


the solvent had been driven off vacuum there remained colorless transparent liquid which rapidly 

melting point the product was (thermometer bulb the liquid, dispppearance the last 

the theoretical; The composition and molecular weight the substance the formula 

The product reacts with water, and heating, quantita- 

tively phosphorus and benzonitrile. the action atmospheric moisture benzene 

into tie acid which was previously obtained 


Consequently there doubt whatever that the substarice question trichloroph 
this not excluded since phosphorus possesses great affinity for 
crude product, the closeness the points the crude and pure substances, the high 
chloride and the absence from the distillate appreciable amounts phosphorus oxychloride com- 


exclude mechanism for the reaction benzamide with phosphorus pentachloride and fully confirm 
the strict curacy our new scheme advanced 


question arises why Wallach and, Titherley and did not obtain 
The reasor very simple one. obtained nearly quartitative yield 
when the mixture phosphorus benzamide and carbon tetrachloride is, after mixing, 
taised least and after the the reacti 
elv ina the mixture allowed room temperature before heating the reaction 
30° the mixture allowed out the reaction, then the yields 
fall and its becomes practice. Wallach failed detect this 
Titherley and Worrall did indeed detect could not find its 
The explanation proved very simple. chloride has remarkably strong catalytic effect upon 
the cleavage into phosphorus oxychloride and the absence hydrogen 


the reaction rapidly and above 100°, room temperature, certainly the 
moisture, can for least several months without decom- 


lore 


fo: example carbon tetrachloride saturated with hydrogen chloride, cleavage place very quickly 


room témperature the coune thiee Consequently, condition for obtaining 

perform ine reaction and isolate the products conditions ensuring 


rigorous proof the structure the product reaction phosphorus pentachloride with benzamide 
obtained with the help physical methods investigation; this will done later, the present time 
Reaction with dry phenate benzene solution temperature not higher 


Wer 


kept room temperature for week presence traces hydrogen chloride, the triphenyl 


down benzonitrile and phosphate 
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tion these compounds, once again without any experimental basis, the scheme: 


benzoic acids, 


the scheme: 


This cleavage proves that the triphenyl ester acid and consequently also trichloro- 


are indeed compounds and not their isomers with phenoxy group and chlorine atom 
the carbon atom: 


extremely improbable one would obtain from and 80° the 
ester benzoylimidophosphoric acid, also extremely improbable tha such mild conditions tue phenoxy 

would from the carbon the pentavalent phosphorus, Migration oxygen atom from carbon 
phosphorus quite often observed. Consequently can claim that proof has been obtained, far this 


purely chemical method, that the first product the reaction pemachloride with 


Wallach {2] also obtained from the amides dichloro- and trichloroacetic acids compounds with the composi 
tion which assigned, without any proof, the structure Wallach explained the forma 


Later Steinkopf analogous compounds from amides series substimted acetic acids 
and accepted for them the and formation. 


scheme were then the final compounds should been obtained not only fro 
pentachloride and amides carboxylic acids but also from imidochlorides and phosphorus oxychloride. 
Neither Wallach nor Steinkopf carried out such experiments. Final refutation Wallach's scheme was obtained 
experiments the most diverse conditions involving reaction imidochlorides with phosphorus 
ide and nitriles with phosphorus oxychloride and-hydrogen chloride. not single case was trichlorophospho- 
acyl obtained. Consequertly Wallach's scheme for the formation phosphorus-containing products reaction 
pentachlaride with carboxylic acid entirely erroneous and all the compounds this type ob- 
for the reaction benzamide with phosphorus pentachloride have been confirmed with several 


The next substance selected for study the reaction phosphorus pentachloride with carboxylic acid 
amides was ethyl carbamate. the reaction with ethyl carbamate proceeded according Wallach's scheme, then 
the reaction should the corresponding imidochloride, cyanate and 


the reaction proceeded with detachment ethyl chloride, the resultant cyanic and (later) cyanuric acid 
should obtained according the equations: 


Not one these products actually formed. fact the reaction proceeds the general scheme with 
nearly quantitative formation the ester trichlorophosphazocarbonic acid: 


This ester liquid with pungent odor, stable low 45° the ester nearly quantitatively 
breaks down ethyl chloride and chloride according the 


heating not done carefully, the reaction takes place explosively, chloride color 
tess liquid, b.p, 136-138°, with very unpleasant odor the odor perspiration, 
ide very reactive; with alcohols gives succession urethanphosphoryl chloride and esters urethanphosphoric 
acids: 
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with and amines gives the derivatives urea, etc, 
chloride may sefve substance for the preparation the. most diverse derivatives phosphoric 


Reaction phosphorus pentachloride with urea led the analog bis- namely 


-tric 


and high-melting products approximately the same elementary composition which have not investi- 


study the reaction phosphorus wih ethyl oxamate, which had been the sole experimen- 
tal basis for theory and appeared confirm the correctness his proposed likewise showed 
that scheme was wronc. was found that oxamate readily enters into reaction not only with one 
but also with two molecules phosphorus fact failed notice. The first product 
the reaction the amidochlonde but its isomer with the structure the amide dichlo- 


analogous the esters dichloroalkoxyacetic acids which are easily formed from esters oxalic 
acid 


the case ethyl oxamate this reaction proceeds with even greater facility than with esters oxalic acid. 


Dichloroethoxy acetamide coiorless, very easily crystallizing substance, completely stable temperatures 
100° and melung The amide rathér slowly decomposed water and very closely resembles the 
acids all its properties, The the compound fairly rigorously proved 
great stability room temperature the formation with eventhough low yields, the 

esters oxamic acid and not iminoesters, according the scheme: 


also the fact that with alkoxides gives good yields amides the half orthoesters oxalic acid (amides 
acids), according the reaction: 


compound this type described the literature the amide the half ester oxalic 
from the ester acid and The product obtained from the 


proved identical witn the compound described the 
The good amides dichloroalkoxyacetic acids simply and naturally explains why 


obtained esters acid from ethy! oxamate and alconols (see above). The 


explanation that the Wallach did not contain any amidochloride but contained the 
acid, 


The second product phosphorus pentachloride with ethyl oxamate trichlorophosphazo-dichloro- 
almost quantitatively according the equation: 


same product may obtained from dichloroethoxyacetamide and one molecule 
temperature, its ptoved the method preparation, the almost yields all the 
the reaction, the elementary composition, the molecular its chemical properties, 


vapor benzene solution, better the action one molecule anhydrous 
converted nearly quantitative yield into 
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chloride: 


The composition and properties this correspond the very same product that Wallach 
from the product phosphorus with ethyl oxamate after atmospheric moisture. 
Consequently, the formation this substance cannot reconciled all with reaction imidochloride 
phosphorus oxychloride the influence atmospheric moisture, Wallachhad thought, nor with the fact 
the present the was hydrolyzed the first step and gave 
the considerably stable which Wallach was able isolate in-the 
pure form analyze. Trichlorophosphazodichloroethoxyacetyl reacts readily with water, alcohols, phenols, 
and afhines, just like other trichlorophosphazo compounds. Hence the reaction ethyl oxamate with phos- 


phorus pentachloride proceeds according the general scheme accompanied reaction similar that 
phosphorus pentachloride with esters oxalic acid. 


close examination the part paper reveals why failed isolate even single 
above, Wallach did not that ethyl oxamate readily reacts not only with one but also with two mole- 
cules phosphorus This oversight prevented him from selecting the most condi- 
tions for the formation one the and resulted the reaction product being 
resolvable the paper teems with experimental which the most important 
were the following: Wallach and stored all his substances over lime calcium chloride, 
which was most unwise because the vapor tension water these agents room 
ture, while the vapor tension water vapor over the products reaction ethyl oxamate with phospkorus penta- 
chloride substantially zero, other words, Wallach dried the soda lime and calcium chloride with the substances 
which had prepared; the latter naturally then hydrolyzed hydrogen chloride which reacted with 
soda lime produce more water; the latter again reacted with the The next fundamental 
hydrogen chloride and phosphorus oxychloride, which could have been easily Thus, for example, 
tion the amount hydrogen an_ assessment the which the reaction proceeds with for- 
mation trichlorophosphazo compound, and the amount oxychl oride permits 
ment the extent replacement oxygen two atoms and other experimental defects resulted 
failure isolate the pure form the products reaction which proceeds substantiaily 
this circumstance retarded yeats the development this branch the chemistry the 


The detailed data anda detailed account the properties thecompounds discussed and analogous 


SUMMARY 
The scheme for the carbaxylic acid amides with 


ride, generally accepted the present day, erroneous, are not formed the action phosphorus 
pentachloride unsubstituted carboxylic amides. 


The reaction unsubstituted amides carboxylic acids with phosphorus pentachloride proceeds 
with formation trichlorophosphazoacyls and two molecules hydrogen chloride. 


When heated when the catalytic action hydrogen chloride room temperature, trichlaro- 
phosphazoacyls break down phosphorus oxychloride and nitriles. 


The structure the produt reaction phosphorus pentachloride with benzamide was established that 


Trichlorophosphazoacyls are extremely and can serve starting substances for the preparation 
the most diverse derivatives phosphoric 


Reaction phosphorus pentachloride with ethyl carbamate gives the ester trichlorophosphazo- 
carbonic acid which 45° cleaves ethyl chloride and chloride, 


Reaction phosphorus pentachloroide with ethyl oxamate gives first dichloroethoxy acetamide and 
then trichlorophosphazo-dichloroethoxyacetyl, 
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BENZO DERIVATIVES 9-METHYLACRIDINE 


CONDENSATIONS WITH p-NITROSODIMETHYLANILINE 


the previous [1,2] shown that passing from 9-methylacridine its mono- and di- 
benzo derivatives, the activity the methyl group lowered reactions with aromatic aldehydes and nitroso 
and diazo compounds. the present communication submit the results investigation 
9-methylacridine, 9-methyl-1,2,7,8-dibenzacridine, also 4-methyl- 
and with p-nitrosodimethylaniline various conditions. The investi- 
gation was undertaken with the aim establishing the activity the methyl groups these compounds depen- 
dence the number and position the benzene rings the molecule: 


know, 9-methylacridine reacts with facility with aromatic nitroso compounds when the starting sub- 
stances are heated presence sodium carbonate hydroxide, forming the corresponding nitrones and azomethines 
whereas -picoline, quinaldine and lepidine only enter into this reaction the salts 

9-methyl-1,2,7,8-dibenzacridine likewise not react with when alcoholic ‘solutions the 
components are heated presence alkaline catalysts. the other hand, our experiments showed, 
acridine condenses p-nitrosodimethylaniline even room temperature and the complete absence 
densing This once again emphasizes the mobility the hydrogen atoms the methyl group 
ylacridine with all the remaining Also proceeding wich ease the reaction 


between 2,9-dimethylacridine and with formation 


Study the photochemical condensations the above-mentioned compounds with p-nitrosodimethylaniline 
showed that these reactions could not effected for 5,6- and 7,8-benzo derivatives lepidine even under the in- 
fluence ultraviolet rays. Only 9-methylacridine and ,2-benzacridine entered into reaction p-nitro- 
sodimethylaniline the alcoholic solutions the starting substances with quartz mercury 
the first case mixture the p-dimethylamincanil acridine-9-aldehyde and 
methylaminophenylnitrone was obtained; the second case mixture 


and the p-dimethylaminoanilide 1,2-benzacridine-9-carboxylic acid (V): (See page 
560). 


possible that the obtained isomerization the nitrone (IV) under the action ultraviolet 


similar isomerization -N-9-acridylphenylnitrone into the anilide acid under the 
action sunlight was previously observed Chardonnens 


note- The Russian convention for numbering benzacridines, etc, differs from that adopted 
Chemical 
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also observed the formation the nitrone (IV), the 
acid (V) and the p-dimethylaminoanil 1,2-benzacridine-9-aldehyde the condensation 


zacridine with p-nitrosodimethylaniline 


ming materials and the duration the experiment, either the anilide (V) the nitrone (IV) will 


the reaction products; with increasing amount the yield nitrone falls 
that the anilide rises. 


known that nitrones the series are transformed into the the corresponding 
the influence acetic anhydride, chloride, alcoholic sodium the basis results 
suggested the anilide product isomerization the nitrone under the action the 
the intermediate products the reaction, 


the influence amine salts (hydrochlorides <niline) confirmed this suggestion 


2ll cases the p-dimethylaminoanilide 1,2-benzacridine-9-carboxylic was The structure the 


latter wes confirmed synthesis from and acid chloride. 


This ecid, turn, wes obtained oxidation which formed hydrolysis 
the nitrone (IV) with weak hydrochloric The following series thus (See 


may noted that hydrolysis the nitrone (1) 


like couples with but unhk@ 
not react with diazobenzene, whereas does not react with 
either these diazo compounds. The reaction between and p-nitrophenyldiazonium 


which hes the structure the p-nitro 


proceeds medium glacial acetic acid with formation compound 
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(A) 
EXPERIMENTAL 


9-methylacridine with p-nitrosodimethylaniline 


Under the action ultraviolet rays. methanol solution (0.015 mole) 9-methylacridine and 
(0.015 mole) p-nitrosodimethylaniline was molybdenum glass flask with PRK-2 lamp. After 
irradiation, 2.78 brown crystalline precipitate with 233-243° was obtained. Imadiation for further 
hours gave further 1.01 product with the same m.p. Crystallization from chlorobenzene zave (44. 


and 0.7 (yield 14% the theoretical) dark violet crystals p-dime thylaminoanil 
with 248-249° Chardonnens gives 243° for the nitrone and for the azomethine 
iline was left the dark room After 2.54 mixture substances was obtained (71% 
the amount starting materials), and after crystallization from chlorobenzene gave 1.14 nitrone with 


0.5 (0.0024 mole) 2,9-dimethylacridine and 0.36 (0.0024 mole) p-nitrosodimethylaniline were dissolved 
methanol, the solution was added drops conc. sodium carbonate solution and the mixture heated un- 
der reflux condenser for hours, After cooling, 0.22 dark-cherry precipitate with 215-220° was filtered 
from the solution, After crystallization from dioxane, xylene and ethyl acetate, 
nitrone formed lustrous, dark-red crystals with 


acid room yellow precipitate 2-methylacridine-9-aldehyde hydrochloride rapidly came 
down, was filtered, shaken with water and neutralized with few drops ammonia, with m.p. 
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After crystallization from ligroine, formed yellow crystals with 
Readily the common organic solvents, 


-nitrosodimethylaniline 


with 


was with PRK-2 for 200 The color the solution grad- 
changed and deposit the the flask, After the completion 

the reaction product from benzene gave 0.05 yellow substance with about 300° and yellow-orange cry- 
with 223°(with decomp.). After three latter substance from chloro- 

nzene, was obtained the form bright-yellow, 
long with 229-230° (with decomp.). The soluble ethyl alcohol and benzene, 
eadily soluble hot crystallizes ethyl alcchol two isomorphic forms 
needles and orange Both crystals have the same melting point and elementary com- 


Evaporation the primary alcoholic mother, liquor hali volume led separation substance with 
after two crystallizations from chlorobenzene, this was the form fine, yellow needles with 
m.p. 290 (with decomp.); its analysis corresponded the car- 
acid 


mixture with synthetic specimen the same anilide did give m.p, 


with p-nitrosodimethylaniline 


into hot ethanol solution (0.604 mole) was introduced 0.6 (0. 0032 
mole) hydrochloride; the mixture was then for minutes. the end the heat- 
the long yellow needles which were washed with ethyl alcohol and dried (0.51 
with two crystallizations from the substance had 225-227° (with de- 
comp. and was (1V). mixed sample with the nitrone 
photocondensation did not give depression m.p. the original mother liquor with water 


was obtained, m.p. 277-280° (with decomp.). The following were also obtained from the liquor: 
nitrone with m.p. 210-216° and 0.27 the original 9-mechyl-1,2 with 


the mother Liquor and recrystallization the resultant precipitate from alcohol, 
p-dimethylaminobenzanilide 1,2-benzacridine acid, 267-275° (with decomp.) 
was 0.16 substance with which after two recrystallizations from the 
solvent was isolated tie form yellow-orange needles with and whose analysis 


af 


Found 83.30; 5.78 


The azomethine (VI) more soluble and than its corresponding nitrone (IV). 
Gentle heating solution the azomethine with dilute acid presence phenylhydrazine hy- 


ation the experiment. from 0.5 p-nitrosodimethylaniline hydrochlo- 
was obtained 0.43 crystalline precipitate with (with decomp.); this was recrystallized from 

acetic acid and then from chlorobenzene, giving the car- 
ylic acid with m.p, 288-290° (with decomp.) (mixed test). 
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the p-dimeth yiaminoanilide 1,2-benzacridine-9- 


9-methyl-1,2-benzacridine hydrochloride fos After cooling room temperature, 0.04 dark-yeliow, 
fine crystals with (with decomp.) was filtered After crystallization from chlorobenzene the 
-was (with decomp.), and depression was obtained admixture with synthetic specimen the p-di- 
The same results were obtained when the hydro- 


acid. The transparent solution, was heated bath for minutes. Small yellow needles camé down and 
were filtered off, suspended water and neutralized heating acetate solution, The 
product reaction was filtered from the warm solution and dried. with 176-180° (76% 
theoretical), Crystallization from benzene gave bright yellow needles 183- 184°, analytical data 
for which agreed with the composition 


acetic acid solution 0.07 chromic oxide and the mixture was heated water bath for 1.5 hours, The warm 
mass was poured into water, the resultant precipitate was filtered off, treated with dilute ammonia and 
gain The alkaline filtrate was acidified with hydrochloric acid until acid Congo. The separated 
acridine arboxylic acid formed with m.p. (with Yield 0.066 31.4% 
the literature gives m.p. 276° (with decomp.) 


2 
1,2-benzacridine-9-carboxylic acid and 2.6 was heated until the 
had completely dissolved, After off the excess the yellow precipitate was heated 
bath with 0.4 freshly prepared p-dimethylaminoaniline for with water con- 
taining ammonia, The obtained (0.13 crystallized from the form fine 
yellow needles p-dimethylaminoanilide acid with 288-290° (with 
The poorly soluble common solvents and differs from the nitrone (IV) not 
being hydrolyzed weak acids with formation 


Coupling with p-nitrodiazobenzene 


0.5 mole) 9-methyl-1,2-benzacridine was dissolved glacial acetic acid, the solution was 
added 1.5 sodium acetate followed, with constant stirring, 1.5 solution p-nitrodiazobenzene (pre- 
pared the usual method), addition the first few drops diazo the the solution changed 
fyom cherry red and.a dark, amorphous precipitate then came down. day 0.66 

the dark-cherry salt the dye was filtered off. The base was obtained salt with dilute ammonia, 
Yield 0.46 the form yellow-orange crystals with m.p. approx, 300° (yield 57.5% theoretical), 


After many recrystallizations from xylene and then from benzene polychlondes, the compound formed fine 


plates with compound sparingly soluble common arganic solvents, readily soluble 
pyridine. 


Found 73.20; 4.03 
Calculated 73.45; H4,11 


SUMMARY 


9-Methylacridine able condense with p-nitrosodimethylaniline the dark, room temperature and 


without the presence any catalysts, This reaction proceeds much greater velocity under the influence ul- 


condenses with when irradiated with ultraviolet light 


and forms and the p-dimethylaminoanilide 1,2- 


| | 
: 
Re 
| 
: 
ay 
q 
| 
| 
7 
if on 
| 
‘ 
| 
: 
| 
| 
ad 
i 
| 
4 
7 
| | 
| 
| 


9-methyl-1,2-benzacridine with the hydrochloride p-nitrosodimethylaniline leads 


undergoes rearrangement into the anilide under the action amine 


does not react with diazobenzene but couples with p-nitrodiazobenzene 
acetic acid, 
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HIGH MOLECULAR COMPOUNDS 


THE POLYCONDENSATION THE ETHYL ESTER D.L-ALANINE 


Although are readily available substances, many their and, particular 
their polycondensations, have been very little The cont ins only few experiments 


the heating the amino acids themselves their esters with formation the corresponding polyamides 
and 


Thus Curtius [1] and Fischer [2] gave number examples illustration the ability esters 
amino acids form both linear polymers and cyclic dimers Frenkel and 
and later Pacsu [4] carried out polycondensations esters a-amino acids. Frenkel and Katchalski obtain- 


Polyakova and, Vereshchagin [5] observed the influence pressure the formation polypeptide chains. 
Bresler Glikina [6] showed alanine ester aqueous solution under pressure 5000 atm, forms diketo- 
while wialanine ester forms polymer with coefficient 12-15, 


have studied the the ethyl ester various temperature conditions 
with special the clarification the effect catalysts this 


prepared the starting ezhyl ester D,L-alanine method and finally purified 


distillation carbon air the special apparatus described below. 


EXPERIMENTAL PROCEDURE 


established that carbon dioxide extremely active catalyst for the polycondensation alanine 
ester, and this the preparation the’ starting material and the performance the polycondensation 
reaction itself conditions ensuring complete absence carbon dioxide; was necessary have method 


exact the minute amounts carbon dioxide employed The polycondensation 


ion was therefore performed sealed ampoules heated The ampoules were filled 


the apparatus sketched Fig. which permitted preparation carbon dioxide and the proportion- 
ing small additions carbon dioxide and cther 


The apparatus flask equipped with condenser joined through ground-glass connection with 

ial receivers for weighed amounts ester; the shape these receivers varies with the nature the 

When the carbou the receiver sketched detail Fig. while the case 
other catalysts the simpler receiver illustrated Fig 


When carrying out the polycondensation-reaction presence carbon dioxide, the gas buret first 
filled with carbon dioxide via the limb while the tap closed and tap Lis The apparatus then 
pumped out with vacuum pump residual pressure 2-3 and again filled with dry carbon dioxide 
which had been dried acid. The carbon dioxide derived from chemically sodium 
bonate and sulfuric acid. These operations are repeated six times nitrogen passed through fill- 


ing the buret with carbon dioxide and closing and limb After this the apparatus for the 
carbon dioxide weighed analytical 


The apparatus set this manner (see Fig.2) joined ground-glass connection the bulb Cto 
which attached the condenser (see Fig. the distillation flask placed 1.5 freshly prepared al- 
anine ester which had been dried over dry potas:ium carbonate; the ester distilled vacuum The 
ester coming over 26-30°, enters the receiver Cand run into ampoule After 20-25 
drops the ester had collected the receiver, the bulb and the remaining ester coll- 
ected flask While the vacuum pump the receiver sealed off from the remainder the 
system. The receiver then removed with the bulb the ground-glass joint being carefully 
cleansed from vacuum grease, and weighed analytical balance together wit the rest the proportioning 
apparatus. the difference hetween the weights added the weight the air the ampoule, and the result 
the weight the esier (usually 0.2-0.4 The then filled sulfuric acid, with tap 
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through tap the amount carbon dioxide. Tap closed and ampoule Dis sealed 


amount carbon dioxide The ampoule once placed thermostat and 
for she required period. 


= 
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Fig. 


introduced the required catalyst; then the required amount ester into and the 
vessel sealed off under vacuum point 


After the heating, the withdrawn from the thermostat, cooled, and crushed 
strong porcelain beaker which previously aqueous acetic acid. The resultant solut- 
poured into measuring flask, the beaker out with fresh portions acetic which are also 
the flask, the volume then made the mark with additional acetic The 
free amino groups the then determined the Ven Slyxe method 

experiments which the reaction products were dissolved water showed that the polyconden- 
sation reaction also takes place aqueous solution, whereas dissolution acetic dilute acid leads complete 
polycondensation reaction and ensures more results, The polyalanine and diketopiperazine 

the reaction dissolve completely acetic acid well water any degree complete- 
ness 


process, whereas the polymers obtained heating D,L-valine, glycine only dissolve 
stage -50% completion reaction. Their further heating leads products with ever decreasing 
solubility water and dilute acetic acid; their investigation therefore calls for special technique whereas the 
alanine such difficulties not arise. 
Water solu ble products can obtained simultaneous polycondensation two amino acid esters, Thus 
separate heating the ethyl esters D,L-phenylalanine and glycine leads polymers, where- 


EXPERIMENTAL RESULTS 


Investigation the action various additiv the reaction.of polycondensation the cthyl ester D,L- 
that considerable catalytic activity manifested acids such carbonic, sulfuric, 
acetic and propionic acids, well polyalanine and acid. Neutral and alkaline substances, 
increase reaction velocity. Bearing mind that esters amino acids are them- 
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selves alkaline substances, Clear that addition amines and cther bases cannot have appreciable effect. 


The which were closely were diotide, acetic acid and 
are set forth the results the poly condensation the ethyl ester L-alanine 
differem amounts carbon dioxide function time based the change conteat free amino 
the Van Slyke method and the original amino group 


TABLE 


Change Content Free Amino Groups Percentages Conteni Heating the Ethyl Ester 
Alamne Presence Carbon Dioxide. 


Amount added carbon wt. 


The result the nine presence acetic acid and are set 
forth Table This also contains for comparison polycondensation this ester without 
The acetic acié and polyajan anine were used the amount Polyalanine was prepared hydrolysis its ethyl 
ester which had been obtained polycondensation the ester D,L-alanine heating 80° for 
20-35 minutes. led removal the ester groups wit formation terminal 
groups. essentially high-molecula: carboxylic acid and not suprising that 
should resemble acetic its action. For comparison Table also contains the experiments 
of.the ethyl ester the absence Catalysts. 


should pointed out that the first stages 


the polycandensation, the polymers formed are 


Change Content Free Amino Groups the 


heating 
Acetic acid Polyalanine 
hours 


Without catalyst 


soluble the D,L-alanine and 
start precipitation the solid phase the in- 
stant which 75-80% the original free amino 
groups are still intact (in the temperature range 
approximately estimate the velocity the 
reaction resulting from the presence the react- 
was found that the absence catalysts, 
precipitation solid phase only commences 
after hours, whereas presence carbon 
this case, therefore, there 93-fold increase 
reaction 


have already indicated, the reaction 
products separate solids which gradually fill the 
whole ampoule, After opening the ampoule and 
removing the alcohol vacuum atroom tempera- 
ture, the reaction product brittle mass readily 


86.8 83.2 81.5 67.3 67.0 
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pulverizable fine powder which melts -280° with decomposition even sealed capillary, The 


give the biuret reaction (red, and violet) and react with picric acid, may mentioned that when the 
performed aqueous medium, products aze formed which give red-violet biuret reaction, 
indicating the presence mixiure peptides trimers and higher orders. 


The ratio between the linear polymer and dimer was several react- 
sublimation vacuum mm) 140°, well ionophoresis the method Gavrilov and Balabukha 
was found that the reaction temperature has the influence upon the content cyclic dimer 
the reaction mass, Thus, ondensations performed the dimer content determined the 

method was 35-40%, while 100° reached 70-80% Determination the ionophoresis method low- 


thus, analysis the product obtained this method gave value only 26% 


low value possibly associated with thermal destruction the polymer during sublimation the dimer, 
supplementary formation cyclic dimer. 


The occurrence catalytic action dioxide during polycondensation es.ers of. a-amino 
acids must taken into account connection with Thus, sealed ampoule filled carbon 
atmosphere, the ethyl ester kept without appreciable change for two months, 
whereas ampoules sealed presence air without special precautions, already the fifth day the separation 
solid observed. The catalytic action traces carbon dioxide the the cause the instability 
esters acids storage which has been. noted many authors and which had been attributed the 
spontaneous polycondensation basis our data, may say that the complete absence 
the estets acids can kept. unchanged for unlimited period kept out contact with the 


au. 


EVALUATION THE RESULTS OBTAINED 


The acceleration polycondensation esters acids caused acidic cata- 
great opening new perspectives the investigation this type reaction. Closer 
the experimental results, which are plotted Fig. enable see that the various catalysts differ 
from one another Thus, carbon dioxide the amount has greater effect that acetic 
acid. amount catalyst also influences the result. With increasing amount carbon dioxide (this aspect 
was detail with this catalyst) the speed transformation increases shown Fig. wheze the 
top the velocity the reaction The optimum amount carbon dioxide 
evidently the order Further increase the amount carbon dioxide accelerates the reaction 
degree. The amount combined amino however, increases particularly sharply when 
the polycondensation increased, Fig, where the change the amount combined 
amino function the amount-of dioxide used various periods interaction, 


ly 


The catalytic action catalysts evidently associated with their ability hydrogen 
which activate the ester bond and render more reactive, know, the ester bond extremely sensi- 
the action both acidic and alkaline catalysts, whose presence all exchange reactions ester bonds 
that acidic catalysts are more effective than alkaline catalysts, Since esters acids 
themselves strong bases, not surprising that this case other bases not appreciable effect. 
same time the strong catalytic action acids understandable view their activation the ester bond 


this conneciion carbon dioxide occupies somewhat special position since not source 
ions, known, however, that amides are capable combining with carbon dioxide form salts 
af 


carbamic acids, Frenkel and Katchalski showed that esters acids form with 
salts N-carboxy- a-amino acids; 


) 


suggested that these salts, salts all other acidic catalysts, are formed when the catalysts 
esters amino acids and are catalysts the process polycondensation esters acids, 
point out that amino acids themselves, the case L-alanine, not possess cata- 
probably bound with the circumstance that the carboxyl group amino acids, now 
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assumed linked with the amino group the form inner salt (betaine form). 
analysis the duration the polycondensation the amino the amount added CO, 
SUMMA 
The effect various substances the the ethyl ester was investigated. 
Acids including carbonic acid the form carbon dioxide were sharply accelerate the polycon- 
densation esters acids, whereas bases amd amino acids are inactive. 
the absence catalysts was investigated. 
was established that with falling temperature the amount cyclic dimer and that linear 
polymer increases the polycondensation the ester D,L-alanine. 
Co-polycondensation ethyl esters D,L-phenylalanine and glycine shown lead formation 
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HIGH MOLECULAR COMPGUNDS 


the previous communication [1] the results inv the process: 
diphenylmethane with was found the that the molecular weight the 
resultant increases with duration the reaction well with rising concehtration the 
solution. The maximum molecular weight the urethan reached only over specific temperaturé 
The influence waw investigated excess substances and additions such substances 
monohydric alcohols and and was shown that with increasing amount additives the molecular 
weight the polyurethane was established that like all heterochain polymers, 

are ‘destroyed heating with alcohols, acid amides isocyanates due alcoholyis, 
acidolysis was these reactions may certain conditions play important 


this paper present the results carried out the kinetics 


EX.PERIMENTAL 


Experimental procedure. The kinetics the reaction diphenylmethane diisocyanate with 1,4-butanediol 
was studied two concentrations: different procedure was applied for each concen- 
tration. which the the substances was 0.0703 used our pre- 
viously The the starting nitrobenzene were heated thermo- 
stat the experimental the present instance 145°, and the solution definite time intervals 

were samples the reaction mass; The samples were placed flask with ground 
glass stopper cooled stop Three portions the tocled reaction were 


then pipetted The fee groups was determined titration with chlorobenzene 


the solution made samples, and was therefore necessary conduct the reaction 
ampoules, Weighed diphenylmethane diisocyanate and the requisite amount 
1,4-butanediol does not dissolve After the 1,4-butan had dissolved, the hot solution was 
into series which then sealed and placed thermostat heated the required 
this case 145 time intervals two ampoules removed from the thermo- 
stat, quickly cooled snow and opened, the contents each ampoule were poured into separate flasks with 
stoppers. Each ampoule was rinsed out with nitrobenzene which was then added the 
The solution the flask was titrated with chlorobenzene solution dipropylamine for determination 
ate groups the method described 


Determination isocyanate groups, Into the flask containing the solution for analysis was run 10% 
dipropylamine chlorobenzene, The mixture was stood ice for minutes, the flask was then 
added alcohol and alcoholic NaOH presence mixture indicators (10 drops meth- 
and drops methylene biank determination was performed the same the dipropyla- 
mine content the chlorobenzene The blank was titrated the manner described 


Determination molecular weights from the content terminal isocyanate groups, The sample 
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for the keeping the isocyanate groups the end the chain and the same time eliminating 
impurities. The hot reaction mass poured from the flask into times the volume dry acetone and the resul- 
quickly and dried vacuum-desiccator over phosphorus pentoxide, The dry 
Quickly pulverized mortar and sifted thick screen. weighed amount 1-2 the 
with layer The flask thermostat and heated 80° for minutes. The flask was then 
and cooled ice, The unreacted piperidine back-titrated with 0.1 alcoholic 
and drops methylene red. the same time blank titration performed the 
consumed the piperidine the blank and the presence polyurethan corresponds the number 
groups, The molecular weight products obtained with use excess 


=? 


ate made allowance the presence groups boih ends the molecule using the 


20000-a 


where weight the polyurethane; the weight the polyurethan the con 
polyurethans the the number terminal isocyante groups and the 
molecular weights polyurethans determined the starting solution 145° 


the num 


number terminal isocyanate groups and from the set forth Table 


de- 


Experiments with concentration 
termined from were performed the 
the viscosity other method due the high viscosity 
temperatures 145 The re- 


solution phenol 
(80%) 


0.2063 
0.1991 


720 
729 
330 


Degree com- 
pleteness 


Extent 


9.0221 
0.0261 
0.0304 
0.0376 
0.0502 


0.0399 
0.0327 

0.0139 


0.421 
0.273 
35.48 0.295 
59.18 0.328 


0.797 


determination the amount starting materials after various intervals time, which gave the 
velocity function the reaction temperature and the concentration starting substances, deter- 


molecular weight the polyurethans formed. The results are set forth Table 5,in which for 
the degree the reaction various intervals tim 


ate with set forth Tables permit draw series important conclusions about the 
kinetics the reaction with glycols and about the mechanism this reaction, shall first consi 
the the concentration the substances. 

4 


2.10 
3.40 


TABLE 


|7mole min. 
reaction 


5.6 0.0564 
300 28.5 0.0340 0.0122 0.650 


Kinetics reaction diphenylmethane diisocyanate with 1,4-butanediol and 0.352 


0.2931 


0.827 

0.882 0.3123 0.0415 1.06 

0.923 0.3267 0.0271 34.0 1.13 

0.956 22.7 0.3382 0.0155 61.4 
0.976 0.3459 0.0079 123.4 


Change molecular weight dependence the reaction 0.352 mole/1 


200 


see from Fig. with rise concentration the initial react ants (at the same 145°) 
there considerable increase reaction which enables degree completeness the reaction 


temperature 
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TIME, 
Fig. Change extent reaction cop 
merization diphenylmethane diisocyanat 


the yraph that the extent reaction, denoting the ratio the initial number functional 
into the reaction the number functional groups the given instant also in- 
teases with the concentration and temperature the reaction, 


TIME, 
constants conc, starting substances 


influence the reaction temperature concentration the initial substances 0.352 
te 
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see from Fig. that 10° rise (from 145 leads appreciable acceleration the 
reaction, 


the order the reaction Hoff) (see Tables and and found that the reaction 
diphenylmethane diisocyanate with 1,4-butanediol the order bimolecular reaction, The mean 
value the velocity constants was determined from the tangent the angle the straight line obtained 


(crdinates) the value against (abscissas) time. The mean value the constants 
was found 0.571 liters/ min.), while 155° the value was unity, The graphs from which the 
mean values the constants were determined are plotted Fig. 


The data obtained were used calculate the temperature coefficient the reaction; for the range 
was found 1.751, The activation energy the reaction diphenylrhethane with 
‘diol was found 19,900 cal/ mal. 


The data Table were applied the the curves shown Fig. these show the change 
weight the formed polyurethan during the reaction and the simultaneous change the degree 
pleteness reactions, i.e. the rate the starting substances. 


garding the growth the molecule 
during the comparing curves 
(relating 145°) with curves and (relating 
155°), easy see that there com- 
plete correlation between the degree 
teness the and the rise molecular 
stances has but the molecular 

much the following 240 minutes although 
the change the amount starting 
over this period only Consequently 
the growth the polyurethan molecule during 
the latter stages the reaction does not 


volve molecules the initial monomers but 
the result interaction between the macromole- 


145°; 155°) the duration results investigation the polycondensation 
1,6-hexanediol with sebacic acid which one 


carried out callaboration with Vinogra- 
This investigation also revealed that the starting monomers disappear the very first stages the 


ion, notwithstanding which the growth molecules the polyester continues subsequently interaction the 
macromolecules among 


This conclusion has considerable significance for the understanding many chemical reactions 
cular compounds, since shows that macromolecules possess considerable mobility considerable 
This aspect must taken into account all cases, Reactions between can evidently 
have great importance various including polymerization, 


conclusion shall consider briefly some characteristics the reaction diisocyanates with glycols, 
Regarding, first all, the known between reactions diisocyanates and those ketenes, this sim larity 
can understood take into accoum the fact that ketenes are inner anhydrides carboxylic acids: 
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can likewise reagarded inner anhydrides carbamic acids; 


fact the most typical reactions both classes compounds are addition reactions the 
mobile hydrogen atoms, such alcohols, acids and amines, poly 
ace like molecules), Consequently the following considerations about reactions 


may the carbon-nitrogen isocyanates strongly polarized under the inf 


ve 


ence the atom and therefore tends strongly link with polarized molecules according 


This accounts for the fact the reaction with glycols and, particular, with the more 
amines, proceeds ext rapidly with velocity typi ical ionic 

* 
SUMMARY 


The kinetics the reaction copolymerization diphenylmethane diisocyanate with 1,4-butanediol 
and 155° nitroben zene solution concentrations 0.352 and mole/1. 


was made the dependence time the growth molecular weight the 


- eat 


was found that concentration the starting substances and rising speed up. the 


The molecular weight the polyu formed found rise with increasing sta 
and msing temperature, 
the later stages zation diisocyanates with glycols the rise molecular weight 


were made the velocity constants, temperature coefficients and activation energies 
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INVESTIGATION ACETYLENIC ALCOHOLS AND GLYCOLS 


COMMUNICATION STEPWISE SYNTHESIS ACETALS ACETYLENIC GLYCOLS 


The synthesis and investigation the properties acetylenic glycols are undoubted interest view 


their great reactivity. methods were presented for synthesis and dialky! 
acetals alcohols with the general formulas: 


OCH 


The new substances which have been synthesized and the methods for their synthesis are for 
ene chemistry, was previously 2], the synthesis diacetals acetylenic glycols always accom- 
panied formation the corresponding monosubstituted acetals. Far this reason suggested that stepwise re- 
‘action was involved, that the monoacetal formed the first step may either isolated (if left the react- 
may with another molecule ether form.the accordance with the follow 
ing equations: 


CH=CH OR" 


The stepwise mechanism the synthesis enables two series derivatives acetylenic glycols obtained: 
mono- and Most the known derivatives acetylenic glycols are disubstituted compounds [3, 4]. Mono- 
substituted acetylenic derivatives reported the literature are the partial ethyl and 
butynediol which were prepared and examined that the formation monoacetals 
the type (1), well mixed acetals, only found possible for the acetylenic glycols series. the case 
and diacetals have proved unsuccessful due cyclization 9}. 


the case glycerol [8] this process takes place according the scheme: 


CH,=CH 


CH,OH 


Reaction with ethers usually leads dicyclic acetals and only the application 
exceptional synthesis conditions (excess vinyl ether, strict temperature limit and absence acid catalyst) en- 
abled this author partly avoid cyclization, The isolated ethylene glycol monoacetals, however, proved very 
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OCH, 


this process the phenol added the bond the glycol, 


The also contains reports the hindering the triple bond, for example during dehy- 
acetylenic this case, instead the cyclization which occurs with saturated pinacones, 


H,O 


—2H 


study the fields acetylenic droxyl-containing compounds revealed the 
effect the triple 


Investigations Favorsky and his school 15, 16] the possi existence carbocyclic 
with starting only from 8-membered ring. Cyclization acetylenic gly- 
cols also excluded the that the bond creates strain the chain the 
molecule, ndenng the cyclization which might have led formation only 7-membered 


this comm experimental confirmation given the stepwise formation acety- 
lenic reference the diethyl, ethylbutyl and acetals 


a> 


Stepwise synthesis the diacetals was réalized two methods: catalytic and thermal, these methods 
corresponding diacetals were isclated from the mono- good vields. obtain the mixed 
diacetal butynediol isolation the diethyl acetal whose may ex- 
process symmetrization the mixed diacetal formed the first 


the mixed ethyloct acetal acetaldehyde gives, accordance with the following 
scueme, acetaldehyde dioctyl acetal which isolated: 


that symmetrization was mainly the case ethyloctyl diacetal and 
the difference molecular weights the alkoxy radicals simultaneously present the molecule 


the the this difference the less stable the molecule mixed acetal and the greater the tendency 
to s¥ymmetnz 


The ethers were purified the previously described method and had the constants set forth 
Stepwise synthesis 


Preparation 


Senior laboratory technician Egorova participated the experimental work, 


cals 
; 
i 
. 

ae 
3 
é 

- Crh ¥ 
ka 
J 

- 
° 
| 


TABLE 


from the monoacetal 
Constants initial ethers Into stainless steel bomb 300 
were chatged 33.5 butynediol 
was heated oil bath for 
hours, 49.6 light-yel product was dis- 
charged and vacuum fractionation gave 
the following fractions: 


36.0 -36.5 
93.0 
59-60 (10 mm) 


4.9 


Fraction was the. diethylacetal butynediol with constants.(T able with the literature 
yield was 72.4 the theoretical. 


TABLE 


Constants the prepared acetals 


Formula acetal 


127-128 


137-138 (18) 0.9743 


141-142 (6) 


Preparation diethylacetal butynediol from the monoacetal catalytic method. Toa solution 


wise, with stirring, 11.0 addition was accompanied nse temperature The sub- 
sequent heating was carried out 48-50° hours, The outwardly unchanged solution was treated with potas 
sium carbonate and left overnight. After and distallation the vacuum gave 
theoretical, 


Preparation butynediol The preparation was described above. 
Preparation ethylbutylacetal from the monoethylacetal the catalytic Toa 
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room was added 12.0 The was then heated for hours the dioxan 
was off and the residue fractionated vacuum: 


Found 64.45; 64.38; 9.91; 9.98 


Found 238.90 


and acetal (methods described 97.2; 98.0%, 


was also prepared the thermal method, heating equi- 
molat monoethyl acetal and vinylbutyl ether for hous bomb, 


The mixture was then heated for hours; the dioxané was driven off and the resi- 
Fraction gave 7.5 product with the constants: b.p. 150-151.5° mm), 
Found 268.1; 274.1 
From was isolated product with the constants: 161-165° mm); 1.4500; 
found (Even high vacuum the product distils with slight decomposi- 
tion.) 
Found 349,30; 
and acetal determination: 97.57; 96.62%, 
found and thé enable regard the isolated product butynediol acetal, 


SUMMARY 


- co m ent : 
mechanism the addition vinyl ethers acetylenic glycols was confirmed. 
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both thermal and catalytic methods, 


The followin corresponding diacetals were prepared from the monoacetals acetylenic glycols 
ous methods: diethyl, and the two were for the first time, 


was demonstrated that preparation mixed diacetals from corresponding the 
main reaction accompanied process symmetrization which intensified with increasing between 
the molecular weights the radicals the starting vinyl ethers. The result this process the 


diacetal consisting the product substitution the low alkoxy the higher 
molecular one, 
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INTERACTION BETWEEN VINYL AND 


-POLYFUNCTIONAL COMPOUNDS 


COMMUNICATION REACTION GLYCEROL TRIVINYL ETHER 
WITH ETHYLENE GLYCOL AND 1,4-BUTANEDIOL 


previous communications the reaction ethers with glycerol [1] and with alcohol 
was established that the reaction always proceeds with formation the corresponding cyclic acetals, 


The present devoted study the course the reaction the case when both compon- 
ents are polyfunctional compounds using glycerol ether and glycols (ethylene and 
models, has been shown many the interaction the groups ethylene glycol 
proceeds either stepwise simultaneously, the selection appropriate for prepar- 
its mono- and 


the interaction ethylene glycol with alkylvinyl ethers the formation acetals observed 
heating, whereas the acetals ethylene are predominantly formec presence 
the same ume the are found into cyclic acetals: 


The ratio starting components importance. Thus, molar ratios (1:1) ether and 
glycol acetals, whereas with equivalent (2:3) amounts reactants the corresponding 
cyclic acetal formed. 


Dialkyl acetals ethylene are obtainea reacting the latter with excess the 
presence catalyst. The excess the vinyl ether important factor since the reversal the order 
addition the reactants leads the reaction being the direction cyclization the monoacetal. 
The authors believe ‘that due the fact that one hydroxyl group ethylene glycol 
ces the activity the hydrogen the remaining group, leading cyclizauon the monoacetal with 
the alcohol. presence excess vinyl ether, however, the transformation the monoacetal 
into cyclic acetal hindered formation hydrogen bond. 


CH,CH,OH 


Formation acetals glycols conta:ning free hydroxyl groups was observed the case unsaturated 
ethers with tetamethylbutynediol and 1,4-butynediol, one collaboration with Bogdan- 
ova [4, did not isolate the cyclic acetals; the reaction yielded the mono- and diacetals 
nediol and 1,4-butynediol, atid was observed the formation diacetals proceeds stage 
formation monoacetals whose yield depends the ;nthesis 


the present investigation the reaction glycerol ether with ethylene glycol and 


was found that the inevitable product the first stage reaction ether with 
col molar ratios was the mixed acetal glycerol vinyl ether and ethylene 
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OCH,CH,OH 


CHOCH=CH, 
i 4 


which being unstable, breaks the partial ether and the cyclic acetal ethylene 


Isomerizatien the ether glycerol (11) leads formation the 1,2- and 1,3-acetals the 
vinyl ether (IV) and (V). The latier react with ethlylene glycol form the mixed acetals and 


(VIL) which break down 1.2- and (IX) the acetal ethylene glycol 


(VI) 


CH, 


The isomeric acetals (1X) are separated taking advantage the different solubilities 
benzoates low~boiling The glycerol was also isolated during the investigation; 
its formation could result from acetals (IV) and 


(IV) 


With equimolar ratios ether and ethylene glycol (2:3) the reaction mainly proceeds 
with the cytlic acetals and ethylene glycol and 


The formation minor amount 1,3- acetal may explained the manner: 
glycerol ether with ethylene gives the first instance mixed acetal involving the 
a-vinyl the ether; this mixed acetal evidently then breaks down the ether glycerol 
which the monovinyl ether glycerol 1,2-acetal owing the spatial closeness the free primary 
group the vinyl group the a-position. 


the interaction glycerol tnvinyl ether with 1,4-butanediol, using molar ratio components, cyclic 
acetals are evicently formed according the same scheme for ethylene glycol. 


actually isolated 
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the cyclic acetal 


the two glyceryl acetals and and the triacetal 


cyclic acetals ethylene glycol diol explained the following mechan- 
After establishment hydrogen bond between the the-1,2-glyceryl acetal and the hydrogen 
glycol viny! rearrangement proceeds the scheme: 


CH, 
CH, OCH=CH, 


Consequently the formation cyclic acetals glycol and accompandes indir- 
ect vinylation the 


The ether was prepared the method Favorsky and Shostakovsky had b.p. 


118°(7-8 mm); 


glycerol ether and 15.5 ethylene glycol were mixed for 1/2 hour; 
the caalyst consisting hydrochloric acid was introduced; took place 
with rise temperature After neutralization with potassium carbonate the product was distilled from 
Favorsky flask, the following fractions being obtained from the 51.88 material the 


Residue from distillation 


ing the cyclic acetal glycol 


The literature data are: 0.9770; 1.2945. 
Found 87.60 
Calculated 


Found MR. 
Calculated 


Found 54.03; 53.75; 9.30; 9.18 
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Fraction reacted with metallic sodium and methylmagnesium iodide and was subjected benzoylation, 
(19-11 The reaction gave 8.42 crystaliine benzoate and li- 


benzoate had the constants: Mp. 84- 85°; found 224.1; calculated 


ya 


1,2 
220.0; 


benzoate had the constants: 1586; 


Found 64.35; 6.44; 6.37 


1.5143; found 


lated for 63.08. 


which did not with sodium and had the constants: 


Found 
Calculated 


54.31; 8.37; 8.33 


The constants the substance thase glycerol triacetal, reported the literature have: 


Reaction givcerol trivinyl ether with ethylene glycol ratio 2:3. 


glycerol trivinyl ether and ethylene were together for 1/2 hour, introduction 
drop hydrochloric the temperature rose Fractionation the reaction product, neutrali- 


Distillation residue 2.45 


Fraction gave 15.2 (57. the theoretical) cyclic glycol acetal with the con- 


Fraction failed yield narrower cuts, The substance (21 collected; with b.p. 
(10 mm) and 1.4430, was subjected benzoylation, crystallization was observed cooling the gasoline 
solution tne benzoylation yielded glycerol 1,2-acetal benzaate with the 


from the distillation (4.67 The crystals melted 69-70°; after many 
from gasoline(60-70°), 2.6 glycol dibenzoate with m.p. was obtained, together with 
ine benzoate the 1,3- glycerol with Literature data: m.p. Fraction 
ill, witn mm); 1,4762; soluble water and reacting with sodium, was glycerol. 


traces 


Reaction glycerol trivinyl ether with 1,4-butanediol molar ratios. 


mole) glycerol trivinyl ether (0.125 1,4 -butanediol were treated 
similar tnose the with ethylene glycol, introducing two drops (0.028 the 
temperature Fractionation the product (29:5 g), after neutralization with potassium carbonate, gave: 


Distillation residue 3.4 1.4580 


Fraction was the 1,4-acetal butanediol yield 40% theoretical; after with 
sodium and had the constants: 0.9640; 1.4288; found 117.20; 
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Found 62.15; 62.18; 10.55; 10.53 


Fraction Il, which reacted with metallic sodium, was subjected benzoy lation; the yield 
tion products was 10.36 (58.2% the theoretical), comprising crystalline benzoate 

1.1559 


From’ Fraction after redistillation, was isolated 5.65 b.p. mm), not 


The reaction between glycerol and glycol was studied molar and equivalent 
ratios (1:1 and 2:3) and between and 1,4-butanediol molar ratio (1:1). 


Reaction between glycerol ether glycol and 1,4 -butanediol molar leads 
formation cyclic acetals-of the glycols and the isomeric glycerol acetals and (1X) and 
triacetal Equivalent proportions ether and ethylene glycol yielded ethylene glycol acetal 
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IONIC HYDROLYSIS VINYL LACTAMS ACID MEDIUM 


lysis series substances acid and alkaline media readily effected iomc Today 

know that this reaction can proceed neutral medium free-radical mechanism was observed 
Shostakovsky, number are activated with equal ease free-radical ionic 
the case some compounds one form realized with greater facility than the other. 
Even such cases, however, suitable choice conditious will permit reactions activ ated both free-radi- 
cal and ionic catalysts 


one’ the preceding communications was that under the influence 
hydrogen peroxide with formation caprolactam and 


Vinyl acetate likewise under the influence oxidizing these cases the process 
takes place with free-radical and accompanied polymer formation; appeared interest 


The present communication relates study ionic hydrolysis (1) and vinylpyrrolidone 
under the influence sulfuric 


The investigated compounds were synthesized the method Favorsky Shostakovsky 


known that ethers with the general formula CH,=CHOR (where aliphatic radi- 
cal) are readily acid medium with formation acetaldehyde and the corresponding alcohols, The 
tive determination vinyl ethers 


the present paper shown that lactams are also hydrolyzed ionic mechanism presence 
sulfuric acid with formation acetaldehyde and lactams: 


= = = + 3 + 
The process was studied more detail with reference vinylcaprolactam, Its hydrolysis yielded 
hyde and working with small amounts (about 0.1 vinylcaprolactam, the acetaldehyde evolved 


was titrated with sodium bisulfite, thus permitting quantitative evaluation the was found that hydro- 
lysis vinyleaprolactam weakly acidic medium, such approx. sodium bisulfite, only proceeds the 
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extent 30-35%, sulfuric acid considerably accelerates the reaction, although the degree com- 
depends measure the temperature. series experiments was carried out with the objective 
follows from the relevant data (Table that the percent hydrolysis increases with rising concentration acid and 
with The effect the latter particularly marked when working with sulfusic 
and results are obtained temperature above the basis large number 
was shown that the for quantitative determination vinylcaprolactam the 


hydrolysis method are: employment sulfuric acid and duration minutes, 


The data obtained were used for development method for quantitative determination 
was found that acid medium hydrolyzed with greater difficulty than 
2). the course the investigation was established that the percent hydrolysis vinylpyrrolidone in- 
creases with rising concentration acid, with msing temperature the duration the 
these three pasameters (acid concentration, temperature and time) the most satisfactory for quantita- 
uve determination selected. These are: hydrolysis medium 10% sulfuric acid 

has thus been shown that and vinylpyrrolidone, like vinyl ethers, are susceptibie hydro- 
lysis ionic mechanism acid medium, being hydrolyzed with greater facility than 


EXPERIMENTAL 


flask fitted with mechanical stirrer, thermometer, nitrogen inlet tube, and reflux 
four Tishchenko bottles filled with distilled water (40 each) for acetaldehyde. 
vinyleaprolactam 86.5-87°(2-2.5 added 100 10% sulfuric acid and the mixture 
Even 30° the has into complete solution and acetaldehyde evolved, indicating 
the hydrolysis. The temperature the reaction mas then raised 50-52° and held thete for 1/2 
this period weak stream nitrogen passed though the system facilitate removal the acetaldehyde. 
The product neutralized with barium carbonate and the precipitated filtered off and washed five 
times with water, The aqueous extracts are added the main filtrate which then distilled, first (for 
the main mass and then higher vacuum. The final part the ation carried out 
flask with ensiform The distillation gives 5.89 caprolactam mm); 
test with authentic specimen pure does not give melting point de- 
addition resin isolated. The amount hydrolyzed The acetalde- 
was determined the aqueous solutions collected the Tishchenko absorbers and the reaction mass 


the acetaldenyde could not completely eliminated from the mass with the help the nitrogen stream. 
Determinations were effected method [6}. 


Amount acetaldehyde found titration: 


the Tishchenko absorbers 
Total 3.043 (calculated amount 3.16 


The acetaldehyde was identified the with 159-161° (no melting point 
test with authentic pure specimen). 


Quantitative determination vinylcaprolactam.and 


the determinations were car- 


Out pure specimens which were kept for not more than days after The constants the vinyl- 
caprolactam used were: 90.5-92°(2.5-3 The constants the vinylpyrrolidone were: b.p. 
mm), 
NALYTICAL PROCEDURE 
The experiments were performed conical flask with ground-glass stopper and provided with special 
lugs which were metal springs which tightly fitted the stopper into the flask. The flask was 200-250 


the flask were put sulfuric acid known concentration and 
te. 7 


sclution. The flask was cooled with ice. 


approx, 0.2 sodium bi- 


Into the cooled mass was introduced accurately weighed 
mg) the vinyl lactam, the stopper was tightly fitted and the mass was energetically shaken 


age 
et 
a 
= 
7 
- 
. 

; 

| 
- 
e 
> 
af 


min, before transferring thermostat which was the required temperature for the requisite period, 
The excess uncombined sodium bisulfite was then titrated with 0.1 iodine blank was run identical 
conditions, The difference between the amount iodine consumed the blank and the actual analysis was 
equivalent the amount hydrolyzed vinyl Results complete are set forth Tables 
and Out the large number experiments present the data for the most typical determinations, 


TABLE 
Conditions and results hydrolysis presence sulfuric acid 


No. experiment Conc. acid Hydrolysis conditions Amount substance 


62.24 
58.56 


98.20 


95,75 
95,31 


TABLE 
Conditions and hydrolysis vinylpyrolidone presence sulfuric acid 


amount 


85.58 
84.46 


-42 95.70 
95.96 


52.66 


89,77 
92.67 
89.84 
98.47 
96.65 


109.18 
98.74 


96.76 
98.11 
100.20 
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SUMMARY 


was established thai vinyl lactams are hydrolyzed mechanism acid, 
was shown, starting substance, that the reaction yields lactams and acetaldehyde, 


procedure was elaborated for quantitative determination vinylcaprolactam and 
that the completeness the determination depends upon the the duration the experi-. 
ment and the concentration the acid used. 
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THE SYNTHESIS 


wise introduction double bonds into the 8-membered carbocyclic compound obtained decomposition pseudo- 
pelletierine, 1940 Reppe [3,4] obtained from acetylene under pressure presence ethylene 
oxide and nickel The investigation was the start series publications Reppe and co-warkers 
the period 1946-1951 the synthesis cyclodctatetraene, The reaction was carried out autoclave with 
reacted acetylene, with other The latter are cuprene, benzene (10-15%), higher 


Considering the cited conditions the optimum ones, regards hydrofuran the best 
solvent. The use benzene, acetone solvents leads lower yields 10, 11, 
discussing the effect the type catalyst the results the 11, Reppe claims that the act- 
ive catalysts are compounds which the metal combined the form complex very labile con- 
dition, for example nickel cyanide, nickel acetylacetonate, nickel acetate, 
and nickel orthoaminophenol [5, 10, 14}. 

with halogens ionic bond, nickel complex compound but with the nickel firm 


combination), proved unsuitable for the purpose The use has been reported catalysts, however, 
nickel halides together with ethylene oxide well copper During the synthesis nitrogen 
used diluent the acetylene prevent possible decomposition the latter explosion the arastic 


The employment for cyclodctatetraene pressures the order atm., i.e. double those 
reference made use temperatures and pressures atm, although the yield 
stated (data are this point Reppe‘s original papers). earlier paper 
also refers the use high temperatures during the synthesis cyclodctatetraene from acetylene 
under pressure, There are indications that the yield these conditions fairly low (36% 
the converted The other products the reaction are: benzene, and resins, 36%, 
These results are agreement with Cope the latter investigation, which the 
followed the reaction conditions recommended Reppe (temperature 90°), the yield was 
about 50% the acetylene consumed. 


Problems the synthesis cyclodctatetraene from acetylene under pressure catalytic method are also 
discussed number papers review The information given these papers mainly repeti- 
tion the material discussed perfectly obvious that many the conclusions and suggested possibilities 
synthesis these papers are some extent addition studies concerned with 
the synthesis cyclodctatetraene from acetylene under pressure, papers have appeared the preparation 
other methods, Thus, Cope and Owerberger [21] synthesized cyclodctatetraene from pseudo- 
pelletierine. These synetheses are lacking originality since the inethods employed are already known from 


The mechanism formation from acetylene has been inadequately studied. Reppe 


10, 11, thinks that the role the catalyst played labile acetylenic compounds (not isolated 
the free state); their formation promoted the presence cyclic oxides (ethylene oxide and 
criticizes theory and suggests that the acetylene first dimerizes vinylacetylene which fur- 
dimerizes cyclic compounds. entirely different theory expounded McKinley who considers 
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formed via complex compounds with tetrahydrofuran, There agreed 
theory about the mechanism formation 


analysis the literature data the synthesis cyclodctatetraene leads the following conclusions: 
the the usual recipes and methods classical organic chemistry 
complicated and interest for technical purposes; the new and highly productive method 
catalytic acetylene under pressure possesses considerable advantages; the latter reaction has 
study and theories its mechanism are lacking. Agreement also 
the optimum temperature the reaction and the the function various re- 
action components and the for introduction have not been established, and.so 


PERIMENTAL 


The purpose our was the influence various factors the course the paly- 


acetylene with the aim obtaining maximum yields cyclooctatetraene when starting 
was made the influence the following factors the and rate cyclo- 
catalytic polymerization acetylene under pressure; the the solvent for the acet- 
the type dehydrating agents; the presence the sphere reaction water and the re- 
action temperature, the method catalysis; the magnitude the acetylene pressure. 


All the starting materials were subjected their use careful purification and were 
characterized the appropriate method, 


The dioxan was distilled over KOH peroxides and then fractionally over sodium re- 
move traces moisture. After had the constants: (760 1.4222 0.0001. 


trahvdrofuran was purified the same proce for dioxane and had the constants: 
mm) The Was gtade and was distilled over After dis- 
oxide was distilled over and then had b.p. 10.9-11.2°(760 mm), CaC, 


spec ification material. The silica gel was dehydrated heating for The was 
grade The phthalic was pure for analysis. The aluminum acetylacetonate was 


nickel was sublimed and then had 218°, Nickel cyanide 
The nitrogen was technical material with The 


we 


erization Acet 


under Pressure 


vessel was vertical autoclave V4A designed for working pressure 
500° capacity liter), Energetic stirring the reaction mixture was effected stirrer the rotor 
type reaching nearly the bottom the autoclave and running 250-300 The temperature the auto- 
was with mercury thermometer and was kept constant 2°, using cylindrical furnace whose 
heating was regulated with were run the With the cover re- 
moved, the was charged with the solid and liquid starting maerials; the cover was then the 

was and the ughtness the closure was tested passing stream nitrogen for min, and observ- 
whether the pressure was maintained for When this test was completed, the nitrogen was dis- 
from the autoclave and acetylene was passed through for 2-3 min, until the oxygen content 
the gas was not more than residual pressure was 1,5 atm.) The autoclave was then heated the re- 
quired reaction temperature and acetylene was fed directly from cylinder until atainment the requisite 


During the reaction the working was regulated the following three methods: Periodic addi- 
tion acetylen from the cylinder offset the fall pressure due the reaction; feeding constant stream 


acety trom the cylinder during the reaction development the autoclave pressure exceeding 
that the cylinder (when out the reaction the absence diluent raising the temperature the 
containing the acetylene dissolved temperature, each addition samples 


liquid phases The gas samples were analyzed qualitatively and quantitatively for the 


het arcres in i ; : 
obtain information about the oxidation reactions; es.ablish the presence 


water, unsaturated compounds the type vinylacetylene, gain insight into the intermediate stages 
oxygen, elucidate its influence the course the reaction The liquid phase 


All-Union Standard. 
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samples were filtered and the refractive index the filtrate was accuracy 0.0001. The 
acetylene consumed was calculated with allowance for the free space the autoclave and for the physical para- 
meters and and was checked weighing the autoclave before and after the fhe reaction was stopped 
whea the refractive index had its maximum 1.475 1,480 the case dioxan) and the pressure had 
ceased drop. The reaction products were withdrawn from the autoclave and filtered through Buchner funnel 
separate the cuprene formed during the reaction, Adsorbed liquid products reaction were extracted from the 
the filtrate was rectified under reduced pressure nitrogen stream presence inhibitor (hy- 
droquinone), The rectification yielded the following fractions: 60°; cyclooctatetraene 
(46.5 mm); still residue: yellow liquid with blue liquid, 135° mm); resins insolu- 
ble tetrahydrofuran dioxan. The extract thie cuprene was similarly rectified. The rate rectification 
was adjusted enable the obtained free from any impurities whatsoever (as verified the 

b.p. vacuum, the and 


safeguard against oxidation, the cyclooctatetraene isolated the process was sealed into ampoules under 
vacuum nitrogen the ampoules were 50-100 capacity and were kept the dark 20°. the 
products the reaction, the cyclooctatetraene was the one subjected more thorough investigation, while the cu- 
prene was examined less closely. The results examination the products reaction are not considered 
this 


which these substances were used solvents were performed the following constant conditions: 
Reaction temperature pressure 28-12 atm; amount catalyst calculated the cation; 
amount solvent 100 duration reaction hours; free oxygen content the autoclave accordaace 
with GOST limit for C,H, (0.3%). The polymerization was expressed the number grams acetylene 
polymerized per taking mean value based the total reaction period hours, (The curves Fig. 
show the reaction various periods throughout the The results the experiments are set forth 
Tables and 


benzene; tetralin 
Influence the nature the catalyst the reaction rate and the yield 
Catalysts tested this were nickel cyanide, cobalt chloride, aluminum acetyl 
aceton and nickel acetylacetonate, All the experiments using these catalysts were performed with maintenance 
the same constant conditions the preceding experiments. The results the experiments are set forth 
Influence the amount catalyst the rate polymerization C,H, and 
the yield Experiments were the indicated conditions (but with 250 


solvent) with the following additives: nickel acetylacetonate 15, 7.5 and 3.2 nickel cyanide and 
3.2 Results the experiments are set forth Table and plotted Fig. 


Influence diluent the rate polymerization and the yield 


For clarification the influence gaseous, inert the rate polymerizat:on 
under pressure and the yield nitrogen containing oxygen (Orsat determination) was used. 
All the experiments were performed with maintenance the following temperature 2°, press- 
ure 28-12 atm.; amount solvent (tetrahydrofuran) 250 amount ethylene oxide total duration reaction 
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hours; amount catalyst 0.6 (calculated the cation), Results are set forth Table and plotted Fig. 


TABLE 


Dependence the rate polymerization the nature the solvent whea using 
nickel acety.acetonate Catalyst 


Number 
grams 


per hour 


Number Solven 


Yield 
C,H, cuprene 


products 


Dicxan 
Tetrahydrofuran 
Benzene 
Tetralin 


These are taken comprise the volatile products the first fraction, the residue the still, and 


TABLE 


Dependence the rate polymerization and cyclooctatetraene the nature the solvent when using 


Number 
grams 


Benzene 


per hour 


TABLE 


Dependence the rate polymerization C,H, and the yield the nature the 
using dioxan solvent 


hour products 


TABLE 


Dependence the tate polymerization C,H, and the yield cyclogctatetraene the nature the 


Number 
experiments 


Amount, 


Nickel acetylacetonate 
Nickel cyanide 

Aluminum acetylacetonate] 1.0 
chloride 


wm ww 


w 


on 


‘ 
> 
cuprene remaining 
pducts 
hour products 


nickel acetylacetonate 


TABLE 
Dependence velocity polymerization and the yield cyclooctatetraene the catalyst when 
TABLE 
Dependence rate polymerization C,H, and yield upon the diluent when using mckel 


Influence nature dehydrating media the rate polymerization 
the yield The following compounds were studied: ethylene oxide, 
carbide, gel, and phthalic The dehydrating agents were introduced the amount calculated 


the solvent. The amount solvent was 100 The remaining reaction conditions were the same the 


ing Results are set forth Tables and Silica gel and phthalic anhydride had appreciable in- 
fluence upon the reaction course. 


_Influence water and other impurities the rate polymerization and 


yield The qualitative effect water and other the iate 
polymerization C,H, was studied all the experiments while maintaining constant conditions with introduction 
250 The results these experiments are set forth Table 
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polymerization poor heat transfer (in min, 

the temperature rose from normal withdraw- Dependence rate polymerization C,H, 

heat (temperature did not change) the pressure cyanide; nickel ace- 


Yield 


Water other 
impuriti 


Number 
experiments 


Catalyst 


Non-dehydrated Dioxan Nickel cyanide 
solvent 
Undistilled solvent Dioxan Nickel cyanide 5.7 
TABLE 


Dependence rate polymerization C,H, and yield cyclodctatetraene the thermal regime when 
nickel cyanide catalyst 


products 

TABLE 

experiments experiments 
16.3 2.15 16.3 2.0 
13.6 2.15 13.6 
1.40 10.0 1.30 
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and the yield cyclooctatetraene. All the experiments for the temperature effect were 


(250 with introduction ethylene (6%), Results are set forth Table 
and plotted Fig. 


the influence the pressure, the solvent used was dioxane (250 otherwise conditions. 
Results the are set forth Table and plotted Fig. 


Results analysis the reaction products. Fully identical results were obtained all 
above the foliowing constants were found, for example, for 


Our data data 
B.p. 60°(46.5 mm); 1.5342; B.p. mm); 1.5290; 
M.p. 6.5; mol. 0.9200 M.p. wt, 0.9206. 


Data for analysis cyclooctatetraene: Data for analysis cuprene: 


Found 92.25, 7.98 62.51; 6,63; ash 28.41 


Neither the cold nor after prolonged extraction whilst into solution any the 


already mentioned, the aim the present paper was study tiie synthesis cataly- 
tic polymerization acetylene under pressure for the purpose of.characterization the influence the 
the reaction and the yield cyclooctatetraene the main Since none the pre- 


viously published literature there the principal raw material employed (acetylene) any 


mention the acetylene under pressure, used technical acetylene which proved suitable 


this reaction. Our reproduce the synthesis the procedure described Reppe 
not give satisfactory This led doubt the éxpediency making use investigation many the 
basic data published the basis the 


. 


dioxan, tetrahydrofuran, benzene, tetralin and acetone. Tetrahydrofuran was included the tests because was 
check the data according which tetrahydrofuran the best solvent for the process quest- 
ion, Benzene was used representative the aromatic hydrocarbon:. During the literature data 
were confirmed which tetrahyarofuran better solvent this process than benzene, acetone 
lin, but claims that was the best solvent general were refuted, since the best synthesis results both regard 
the reaction velocity and the yield cyclooctatetraene were when using (for the first time this 


the intensification the effect the functional groups the cyclic ether led intensification 


the The hydrocarbon character the solvent resulting from replacement tetralin 


led diminution the activity the reaction Employment catalyst soluble the liquid phase 
the case homogeneous catalysis) appreciably the reaction. Consequently nickel acetylacetonate 

slows the higher velocity the without substantially reducing the yield should noted 
that the lierature reports all cases recommend the use cyanide but evidently without realizing the impli- 
cations the foregoing from the nickel catalysts mentioned above, also tested few other 

compounds. test the possibility using catalysts elements the same group the periodic system nickel 
i.e. possessing similar electronic configuration, was used. experiments with the latter, however, not even 
traces were obtained nor, general, any signs reaction acetylene 


Experiments with another compound catalyst were performed with the aim 
testing the influence the anionic component catalyst the course the reaction, Substitution 


alumimm, however, nickel acetylacetonate best all the catalysts studied leads complete dis- 


the catalytic action, This fact appears evidence that the anion does not play any indepen- 
deat catalytic role this reaction. The intensification the catalytic activity when nickel acetylacetonate sub- 
stituted for nickel cyanide evidently due change the character the catalysis the latter 


case and heterogeneous the Thus the creation conditions preferable and per- 
mits considerable 


reduction the duration reaction, Concerning, the other hand, the amount catalyst, its 
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effect developed the following manner: Both the case heterogeneous catalysis cyanide) and 
homogeneous eatalysis acetylacetonate), increase the amount catalyst (using the same amount 

characteristic that when using nickel the increase the amount of. Catalyst brings about crop 
yield cyclooctatetraene which with increased yieids and the remaining products, 
whereas when using nickel cyanide the reducea cyclooctatetraene yield bound the main higher yields 
cuprene the basis comparison the the individual experiments can-recommend optimum 
Tatios solvent and catalyst which will guarantee adequate yield satisfactory reaction velocity, Addition 
nitrogen considerably lowers the reaction velocity, Our numercus experiments showed that the process perfectly 
free from hazards even when using undiluted acetylene our safety procedure strictly observed. 


New data that have obtained, especially when working the absence diluent, vividly demonstrate that 
the application the conditions synthesis used other investigators means essential, These data even 
showed the opposite: certain factors synthesis described the literature prove have negative influence the 
course the This fact even more strikingly manifested critical evaluation and check the need for 
using such completely necessary (in opinion) reaction components oxide and calcium carbide, 

was actually found that the omission these compounds during the synthesis affords the possibility obtaining 
higher yields cyclooctatetraene relatively small reaction Consequently neither ethylene 
oxide nor calcium-carbide are indispensable components the and their the possible re- 
their greater lesser inertness respect the reaction. the light these assertion Reppe that 
ethylene oxide plays part the mechanism formation cyclooctatetraene does not 


The purity and dryness starting materials play important the polymenzation acetylene 
cyclooctatetraene under pressure, Water completely inhibits the Use undried materials shows 


the reaction and leads reduced yields. Impurities the catalysi have similar thorough 
cation therefore necessary, 


The high exothermal effect the reaction makes absolutely essential the strict maintenance the correct 
temperature regime the conditions for normal heat removal, rise has 
effect the yield but leads considerable increase reaction rate. The yield cyclooctatetraene only falis 
markedly when the rises above 85°, Thus the optimum temperature ensuring high reaction 
tate association with maximum yield cyclooctatetraene rise the initial exerts 
similar influence the reaction rate that temperature increase the pressure leads 
fold increase the velocity the homogeneous catalyt tic reaction, that case, however, the 
increased rate does not lower the yield, consequently expedient the process pressure 
the order 25-28 atm, -which necessitates constant flow acetylene into the reaction vessel. The production 
during the polymerization acetylene any particular compound main product, substantial yield, gover- 
ned the such conditions performance the reaction and bringing together the reaction 
ents will ensure that the required direction the reaction becomes the predominant one while all the other dir- 
ections are inhibited the maximum extent. The occurrence side reactions our experiments led the 
appearance greater lesser degree the following the reaction product; cuprene, benzene, 
styrene, yellow product unknown structure, with b.p. 96°(5 mm), blue product unknown structure with b.p. 
mm) and several other more higher molecular compounds. According the literature data, the 
same process, but somewhat different conditions, led formation higher 


These diverse directions the process are the result the effect large number factors. There 
however, two main competing directions the reaction: the formation cyclooctatetraene and the formation 
and these have also been studied our research. were possible regulate the process yield only 
these two products, the problem could regarded substantially solved, for the amount all the remaining prod- 
ucts the reaction relatively small, the mastery even these two directions the reaction quite 
problem, and even though our investigation has shown that possible practice conduct the process 
the required direction, the theoretical aspects the problem remain unclarified. The greatest difficulties the 
theoretical investigation the characteristics the process arise when consider the mechanism the reaction. 


Our experimental data refute the mechanism proposed Reppe which involved formation active 
lyst (nickel acetylide), starting from the presence ethylene oxide the sphere reaction, since was shown 


that the reaction also proceeds the absence ethylene Any other mare acceptable mechanism the 
tion has not yet been advanced, 
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SUMMARY 


The polymerization acetylene under pressure presence catalysis proceeds with various 
compounds, The particular direction followed the reaction, and consequently also the yield 
Gepends the conditions (nature solvent, catalyst, temperature, pressure, additives, etc.) 


The type catalysis plays important part regard the course the process, especially conn ection 


with the velocity, The homogeneous which out has substantial hetero- 


course the reaction can achieved without resorting special dilutions the acety- 
with conducting the reaction presence the vapor those liquids which enable precise 


Technical acetylene may used both for the practical production and for investiga- 


tion characteristics the process. 


studies solvents, the best results are with dioxan (used for the first time for this 
particularly respect reaction 


cyanide. The activity the catalyst (in the heierogeneous process) decréases due additional cuprene 
mation and deposition carbon 


The process cuprenization with increasing amount catalyst presence ethylene oxide 
and calcium carbide, rise temperature -The poor heat conduction combined with the strong 
tylene into cuprene. The optimum react temperature between and 


The acetylene proceeds the absence ethylene oxide and 


the reaction are water and impurities (of undetermined chemical structure) present 
the 


The cyclooctatetraene increases with increasing pressure ‘in the reaction space. 


10. over cyclooctatetraene attained with good reproducibility individual experiments and 
high 
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ORGANOSILYL ESTERS ACETIC AND ISOBUTYRIC ACIDS 


Organosilyl esters the general formula have received only cursory study. Descriptions have 
been published only four esters acetic acid containing, the methyl 3}, 
the ethyl radical Complex esters the general formula have not previously been 
this paper present the properties four esters, synthesized for the first time, acetic and 
acids the type and 


the esters were prepared reaction anhydrous sodium acetate isebutyrate with 
heating for 10-15 hours medium dry ligroine with energetic stirring. the 
NaCl and the excess organic acid salt, the ester was isolated the pure form repeated vacuum fractionation 
current dry the prepared esters were transparent, colorless, easily hydrolyzed (by water) liquids faint 
was the action and was isolated the pure form decomposition 
the butylsiloxanes with sublimed was prepared similar method: action 


Silicon was ashing weighed amount substance with mixture and 
chlorine direct titration with 0.1 NaOH presence phenolphthalein; the ester number saponification 
with KOH solution diethylene the molecular refraction was calculated method 


EXPERIMENTAL 


acetate was prepared from (0.23 mole) 
calculated 216.3; found calculated 63.45. found ester number 261,267; calculated 259.2. 


Found 12.52; 13.2 


1.4238; 0.8620; found 244.4; found MR.72.32; calculated found ester 
number 218, calculated 229.5. 


(0.22 mole) Yield 145-146°(13 mm); 160°(20 mm), 1.4345; 0.8663; 
found molecular weight 291; calculated 286.5; found calculated 86.60; found ester number 
199.3; 205.8; calculated 202.9, 


-1,4909; .9844; found 215; calculated 222. found calculated 64.75; found 
ester number 249; calculated 
- 


Found 12.1; 12.28 
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Found 


was from the products hydrolysis. 


SUMMARY 


The following new organosilyl were synthesized reaction the salts acetic and 
and 


Intermediate obtained were the previously undescribed methyldi-n-butylchlorosilane and 
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THE OPTICAL METHOD INVESTIGATION 


COMMUNICATION RAMAN SPECTRA SOME NAPHTHENES 


The present investigation one series the spectra pure drocarbons systematically carried 
out the laboratories the Institute Physics and the Institute Organic the Academy Sciences 
the USSR since 1939 


The hydrocarbons hitherto exami ined were mainly those within the range and 130° whose 
Raman spectra can already serve basis for analysis the individual composition the most important fractions 
straight-run gasolines, The list investigated hydrocarbons presenting interest from the view point analysis 
gasolines the indicated temperature range is, however, still incomplete: now have stucied the liquid 
only studied those most frequently encountered the paper forth data for 
seven naphthenes which which have boiling points between 108 and 


previous communications exploratory spectral data were submiitted for hydrocarbons which 
for one reason another were insufficiently pure. Subsequently considerable number these hydrocarbons were 
synthesized afresh and purified more thoroughly. Starting with the present shall set forth data 
about changes which ought made previously published results, Thus, the paper give details 
spectra freshly synthesized and extremeiy pure which the earlier 
data for this based material amount the cis-form; addition pub- 
lish new data for the spectra newly synthesized n-octane and 


Tae apparatus and experimental procedure were described previous communications The intensities 
the spectral lines the maxima were determined the method photographic Since all 
were obtained identical conditions, the new data are comparable with those previously 


RESULTS MEASUREMENTS 


Below present the results the frequency and intensity the spectra eight naphthenes with 
b.p.s between 108 and For each hydrocarbon brief description given the method preparation and 
the physical properties refractive index, density, and molecular refraction, both found and calculated); 
all the with those extremely pure preparations the respective hydrocarbons (given 
square brackets), apart from which was obtained for the first The 
following symbols are used characterize the Raman lines: —broad; sharp; —line set 
Tepetition certain line excited another one. 


Cis, trans, was prepared from. 2,4 -dimethylcyclopenten -2-one which 
was synthesized Nazarov’s method The ketone was hydrogenated presence skeletal nickel 
the was oxidized 2,4 which with methylmagnesium 
iodide was converted the tertiary alcohol; from the latter dehydration followed hydrogenation, the un- 
saturated hydrocarbon and fractionation the hydrogenation products column theoretical plates were iso- 
cis, and the below -described 


br), 331 (0), 405 (5), 422 (5, br), 490 (15, br), 529 (7), br), 769 (44), 811 
824 (8), 836 (2, br), 938 (8), 966 (2), 1052 (5), 1079 (4), 1093 (2, br), d), 
(0), 1280 1308 (6), (7), 1359 (3), 1459 (48), 2665 (0), 2725 2848 2868 2904 (30, ba), 

(130), 2955 


was prepared the same time the preceding hydrocarbon and 


See Diagram 608. 


q 


br), 370 (3), 418 (0), 436 (2, br), 498 (14), 520 (9), 748 (17, br), 812 (0), 854 (6), 
(2), 1923 (3), 1027 (2, 1066 (2), 1091 (2), 1148 (5), 1172 (6), 1228 (0), 1313 1347 (5), 
br), 2729 (5), 2851 (60), 2873 (160), (100), 2935 (150), 2961 (120). 
2-ethvicyclopent 
‘from 


action bromide was obtained the tertiary alcohol 


unsaturated hydrocarbon above and then into mixture the stereoisomers 
opentane; 


latter were fractionated column with efficiency theoretical 
for MR41.56. [The does not contain any data for the 


Ap: 


br, d), 372 br), 402 (1), 420 (5), 445 (3), 483 (5), 524 (3), 560 (0), 


br), (4), 972 (4), 1043 (6), 1055 (6), 1079 (1), 
1198 1250 (1), 1285 (3), 1311 (3, br), 1348 (6), 1362 (2), 1447 (30), 1462 


(4), 376 (0, br), 392 416 (3), 435 (0), 474 (3), 501 (2), 516 (4, br), 536(0) 
855 907 (1), 922 (2), 964 


(2), S64 (6, d), 1025 (1), 1042 (8), 1066 (4), 1092 (3), 
260 (2), 1287 (3), 1312 (4, d), 1445 ¢20), 1450 (55), 2729 (5), 
2959 
was obtained from 
the 


treatment with methylmagnesium 
alcohol which was then converted the chlonde; 
was 


the latter reaction with 
The hydrocarbon was passing through silica gel and 


(11), (7), 443 (0), 531 (13), 570 (7), (11), 792 (17), 808 (5), 846 (0, br), 
(1, br), 1059 (4), 1092 (4), (2), 1176 (7), 1235 (7, br), (7), 
2718 (10), 2860 (130), 2893 (80), 2924 (130), 


into the tertiary alcohol; 


reaction with ethyl- 
the latter dehydrated and the resultant unsaturated 


found calculated for 36.94. [Cis-form, 120.2° 


vee 


$92 


(5), 538 (3), 596 (0), 760 (2, br), 774 (4, br), 837 (18, br), 
4), br), 1040 (5), 1068 (4, br), 1134 (4), 1152 (4), 1176 (0, br), 


(3), 1330 (1), 1355 (3), 1448 (43), 1464 (30), 2729 (5), 2845 (90), 2869 (180), 


WORSE NAticn will 


The structure the cis,cis,trans-form shown the 
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y 
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= 
a 
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Cis was prepared together with the preceding and 
for [There are data for the properties this hydrocarbon the (See Diagram 
above 
2 
A A Sec bs 
2927 {130), 295 (150). 
. 


was prepared hydrogenation p-xylene and after passage through silica 
gel was separated from the mixture steroisomers fractionation column with efficiency 


125 (4), 258 (4), 286 (1), (2), d), 434 (3), 472 d), 637 760 (95), 788 (17), 897 (0), 
925 (3), 954 (15), 976 1001 (10), 1055 (23), 1095 (10), 1107 (10), 1160 (10), 1170 (10), 1207 (11), 1248 (6), 
1301 (5), 1319 (2), 1344 (13), 1375 (1, br), 1438 (29), 1463 (34), 2668 2724 (3), 2750 (3), 2852 
(170), 2873 (50, ba), 2897 2912 (150, ba), 2929 (200), 2959 (80, br). 


Av: 335 (0), 376 (50), 429 (0), 454 (32), 566 (0), 760 (150), 786 (6), 849 (0), 
926 (3), 953 (11), (4), 1062 (75), 1104 (0), 1166 (20), 1186 (20), 1250 (36), 1264 (2), 1307 (12), 1348 (27), 
1361 15, br), 1436 (13), 1466 (60), 2676 (2, br), 2723 (3), 2748 (1), 2845 2868 (180), 2911 (120, br), 
2926 (230), 2955 (110). 


was obtained from distilled vacuum column with efficiency thear- 
plates, dehydration over alumina and hydrogenation over platinized carbon duck. The 

fractionated column with efficiency theoretical plates and has (760 mm); 3975; 


Av: 282 (16), 300 352 (0), 377 (0), 400 (0), 427 (6), br), 707 (0), 730 (0), 766 (1), 813 (2, 
842 (3), 860 (6), 895 (8), 954 (2, br), 969 (4), 1028 (5), 1044 (5), 1062 1085 (11), 
1304 (15), 1440 (30), 1459 (30), 2637 (0), (0), 2782 2853 (100), 2878 (130, 2904 ba), 
2964 (45). 


was prepared the Wurtz method from isobutyl was purified from bro- 
mides shaking with ethanolamine and was distilled column with efficiency theoretical plates; b.p. 


Av: br), 314 (9), 433 (6, br), 451 (8), 683 (0), 725 (0), 764 (0), 777 (10), 798 (2), 825 (5), 839 
881 (1), 907 (5, br), (5), 1037 (3), 1048 (6) 1096 (2), 1148 (14), 1172 (14), 1232 (2, br), 1293 
1305 (6), 1338 (17), 1365 (1), 1452 br, 1464 (34), 2719 (5), 2759 (5), 2852 (30), 2872 (180), 2908 


EVALUATION RESULTS 


tane, and which synthesized, All three 
possible isomers have been prepared previously [7]. The preparation had 


1.4185 0.76345 


conformity with the law, the hydrocarbon with the lowest was assigned the 
structure, the next one the cis,cis,trans and the highest boiling hydrocarbon the 


recent Chiurdoglu and coworkers described the preparation these three stereoisomers and 
their Raman spectra, but they deviated from tne paper cited above assigning different spatial distribution the 
side chains these stereoisomers, Thus, they regard the lowest boiling isomer the cis,cis,cis-form and the re- 
mainjng two was stated the paper that proof this would published later but the promised 


The previously described [4] spectrum trans-1, was obtained with less pure pre- 
paration this hydrocarbon, 


previously described [1] spectrum n-octane was obtained with less pure preparation this hydro- 
carbon, The specimen used the present investigation was synthesized 


previously described spectrum 2,5-dimethylhexane was obtained with very impure preparation 
this 
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paper has not yet appeared. 


the basis the with 109.2°(760 mm) and cis,cis,trans- with b.p. 
(760 mm), Comparison the and Raman spectra our preparation 
pentane with the spectra preparation shows that our preparation does not contain any appreciable 
amount the hicher boiling isomer Actually the spectrum our preparation lacking the 

frequency 865 with intensity the visual scale, which (according the data the 
Belgian investigators) the higner boiling Some other frequencies characteristic the latter isomer, but 
less intense also absent from the specurum our preparation. 


should noted that the spectrum our preparation contains the intensive frequency 761 which, 
data, present the but absent from the may 
assume, however, that this frequency occurs the spectra all three stereoisomers and was not detected tie 
Belg:an investigators the case the cis,cis,trans-form due the low. power their spectrograph, In- 
deed for the latter isomer they broad band 751 whereas two closely located frequen- 
cies 748 and 761 which the first was broad, 


The data our disposal for the Raman the stereoisomers enable 
draw conclus:ons about the spatial the side chains the two stereoisomers 
cyclopentane which separated and which may even exist four forms. The repeated presence characteristic 
frequencies molecules similar structure but with different chain lengths well-established fact [3, 
10}. known that cyclopentane and benzene with one side chain with two side chains, 

closely repeating fequencies observed. Tables and are set forth example the principal 
frequencies (in and analogous structure but with different side This 
observation has great practical sometimes permits the utilization characieristic frequencies 
the specific problems analysis and 


TABLE 


m-Xylene p-Xylene -ethylbenzene 


(230) 530 (85) 459 (200) 462 (20) 
726 (440) 721 810 (110) 807 (140) 
1066 (540) 1002 (420) 829 (410) 826 (140) 


know, however, the concept characteristic frequencies must not unduly simplified and the 
confirmatory indication empirical character this connection the, reproducibility not only 
the frequercy but the investigated lines (intensity, polarization and width), The 
the suitability empirical group indications the development theoretical methods 
calculation the vibrations complex molecules which, aided parameters determined from the spectra 
series compound:, enable less detailed conclusions drawn about the spectra more complex 
compounds. Such methods have been developed the case paraffins but are unfortunately lacking 
for other types compounds, and were compelled make cautious use purely empirical features, The re- 
the latter certainly increases with the accumvlation experimental material. some cases, however, 
even relatively limited data may turned good account, 


this investigation the above-memioned criterion was used fo: elucidation the structure 
the stereoisomers and which prepared, 
problem that would have been extraordinarily difficult solve purely chemical methods, The structures 
comparing the Raman spectra our with the spectra hydrocarbons similar 
the spatial whose side chains had been previously determined fram chemical data, 


Table are the frequencies and intensities the principal lines the tnalkylcyclopentanes which were 


comparison the frequencies set forth Table clearly shows the resemblance between the spectrum 
and that the lower boiling isomer 
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with 136.5° tane 


b.p. 


498 (14) 


422 (5) 501 (2) 
490 (15) 520 (9) 516 (4) 
529 (7) (17) 745 (5) 

811 (8) 


boiling isomer both cases the replacement the methyl group 
does not lead substantial change frequencies; changes are only observed the these 
cases diminish 


the lower boiling isomer evidently possesses the structure cis 
cyclopentane (1). The spectrum this hydrocarbon, however, contains the frequency 746 which has no. 
analog the spectrum very probable that this frequency belongs 
the spectrum cis, trans,trans-1,4 (11) which bound have boiling point 
very close that the -form and which were probably unable separate from the latter, 


should noted that the spectrum oyr preparation does not contain any frequency similar the frequency 
fore conclude that the case 1,4-dimethyl-2-ethylcyclopentane well 1,2,4-trimethylcyclopentane, the 
not present our preparation, 


pentane with the spectral data the literature for the cis- and trans-forms 1,3-dimethylcyclopentane, 
comparison with our data the mixture stereoisomers this hydrocarbon and for the mixture cis-trans-forms 
previously us, enable the trans-form assigned our pre- 
paration, The hydrocarbons 1,3-dimethylcyclopentane and respectively the 
cis- and have the following characteristic frequencies: first hydrocarbon 803 and 828 
close the frequency characterizing the trans-form, 


conclusion take this opportunity conveying our sincere gratitude Landsberg for 
advice the course the work. 


SUMMARY 


Details the Raman spectra are given seven cyclopentane and cyclohexane hydrocarbons, including 
two hydrocarbons synthesized for the first time. All the intensities the Raman frequencies are set forth 
uniform scale, 


The spectroscopic data served basis for evaluation the problem the spatial arrangement the 


side chains and the stereoisomers, synthesized for the first time, 


New data are presented for the Raman spectra three hydrocarbons for which data had previously been 
obtained the basis less pure specimens, 
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COMMUNICATION APPLICATION COLOR PHOTOGRAPHY THE 


LUMINESCE 


and physical advances have made possible the investigation complex organic contain- 
ing hundreds and thousands atoms their molecules, The chemistry high-molecular compounds, stemming 


from organic chemistry, has closer investigation the chemical properties and structure numerous natu- 
ral substances, 


The chemistry high-molecular compounds has developed number new methods resolution and exami- 
nation the giant molecules complex these studies particularly important part has 
been played physical methods. The usual effect reactive chemicals and high temperatures upon high-molecular 
compounds change their composition, structure and molecular This particularly 
compounds containing nitrogen, and oxygen which are consequently distinguished exceptional instability 
under the high temperatures and chemically active agents, particularly important when studying 
such unstable high-molecular orgamic compounds employ the mildest methods order exclude chemical 
formations during the very process investigation, With this many purely physical methods resolution 
and investigation substances have been proposed. 


recently petroleum had not been subjected examination the special methods the 
compounds, This because industrial use has been made the low-molecular 
middle fractions petroleum, whereas the heavier portion petroleum, which are concentrated the 
cular hydrocarbon and asphaltene-resin constituents, have remained waste products the industry. Inthe 
stages development, the processing industry repeated the historical course organic chemistry: 
both cases, that which could not distilled without decomposition was resin” and was rejected 
ing the attention the chemist. These high-molecular compounds have actually now become 
the objects investigation the chemistry compounds. 


Today one the most important scientific and technological problems petroleum processing that the 
complete, residueless, processing and utilization petroleum chemical raw Consequently the 
high-molecular, resinous portion amounting 10- 50% the total, depending the source, must 


included the processing order use this complex chemical raw material industry the best ad- 

vantage, detailed study necessary its composition, structure and reactions, That why 
the chemistry high -molecular petroleum has now acquired such wide 


Unlike such compounds rubber, cellulose, etc., the high-molecular peuoleum 
are characterized relatively low weights (500-5000) and the absence fundamental structural 
unit whose polymerization could lead chain-like giant molecule containing regularly repeated structural 
spite their relatively low molecular weight, the high-molecular compounds petroleum are distinguished 
extremely low stability chemical and thermal action, This behavior must taken when 
arating the complex mixture high-molecular petroleum, 


The method chromatography Tsvet [1] was proposed long time ago for the separation the 
resin-asphaltenic substances petroleum from the hydrocarbons for the purpose their quantitative determination, 
Utilization silica gel adsorbent resins has acquired great popularity, ever since the work Gurvich 
and Sakhanov and Vasilyev [3], both for analytical and processing purposes the petroleum industry, Total 


aration the resins petroleum products with the help such silica gel has been effected with 
full 


The study the composition and chemical nature the main components the high-molecular substances 
petroleum necessitates the first place their resolution into narrower fractions. For this purpose advantage 
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taxen the and adsorbability the constituents the portion 
and [4] used the selective fer separation the resins. Tilyupo and Cher- 
effected resins adsorptive chromatography silica gel followed frac- 
resins from silica gel with organic solvents and further resolution the obtained frac- 


into and phenol-insoluble substances, 


EXPERIMENTAL 


and resins based the differing absorbability gel the individual components 
complex mixture compounds and also their differing organic solvents. The 
scheme separation, modified (Fig. 1), permitted first sufficiently complete separation 
the the hydrocarbon portion, and then closer fractionation the resin adsorbed onto silica gel 
the help liquids differing polarities and selectively acting solvent (phenol). The applica- 
analysis portion permitted the characterization its group composition [6]. 


Petroleum 


Asphaltenes and 


asphaltogenic acids Oils and 


Resins 


Freshly obtained 


Freshly obtained Freshly obtained 
asphaltenes and asphaltenes and asphaltenes and from 
acids acids benzeng 


Asphalto Asphalt 
genic enes 
acids 


henol henol- 
insol- solubles 
ubles 


’ 


ig. General scheme for resolution the resin-asphalienic portion petroleum, 


‘ 
acids 
Alcohol 
Acetone benzene 
fraction \fractio 
acids acids 
1 


have already described detail [7] the procedure for resolution the high-molecular portion 
involves the petroleum petroleum product after preiiminary freeing from asphaltenes 
dilution with isopentane and through silica column (fraction silica gel retained 
s). washing the portion with the resins adsorbed the silica gel 
were fract ionally from the silica successive treatment with series organic gradually 
increasing polanty tetrachloride, benzene, acetone, 1:1 mixture), The obtained resin 
tions were later freed from solvents and subjecied treatment with phenol for sepazation into phenol -soluble and 
portions. The resin fractions obtained this procedure were determinations 
ecular weight, acidity, unsaturateds, chemical and type 


Luminescence 


Although the nescence characterization also suffers from the drawback that the 
spectra Raman spectra, proves suitable and useful for observation the qualitativé changes 
taking place substance, partucularly the case petroleum resins, due Various chemical and hysical imer- 
actions (oxidation, into fractions, With consumption ‘of very little lumin- 
escence analysis permits the qualitative changes substance with the help the the 


For the made use the method paper chromatography. Strips filter paper 
were first extracted apparatus with alcohol-benzene mixture for hours luminescing impuri- 
ties, The so-prepared filter width and length 15-20 were suspended over beakers into 
each which was 0.001% solution the resin sample 1:1 benzene. The filter paper 
tion the The samples were left ‘in this state for 12-14 hours (usually overnight), During this period the 
surplus solvent evaporated from the beaker and also the solvent imbibed the paper. The dry samples were in- 
spected the light PRK-2 lamp filtered through light filter transmitting only blue 


Our observations the revealed number characteristics the samples resins which 
been subjected various However, now attempts objectively represent the observed picture 
the luminescence have proved unsuccessful. Drawings the luminescence picture, the 
enormous labor and the special abilities that they demand from the artist, suffer from subjective transfer, 
depend the color the Each time that necessary for about ob- 
served luminescence picture sent toa printer elsewhere, necessary prepare the appr opriate 
specimens and the lamp limit description, which event the uré loses 
all objectivity and therefore experiments obtain permanent record ‘of the lumi- 
nescence the paper chromatogram the resin color 


were taken with camera color negative film supplied Russian manufacturer. 
The set-up for the shown Fig. 


Fig. Set-up for luminescence 
screen with samples, PRK-2 lamp with 
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All the color materials were processed the usual methods used color photography. The specimens were 
from two sides with PRK-2 quartz lamps through FS-4 light filters, For atsorption the reflected 
from the lens the camera causing appearance tone the front the lens the cam- 
was placed ultraviolet absorption filter. For this purpose tried out series color filters, used color 
film, made the Agfa and color addition, color filters used lead 
thick, The liquid color was constricted the following manner: cell 25.mm thick with walls 
glass, open the top, was filled with one the substances. Care was taken during filling ensure that air 
did not adhere the and did not the photograph, the filling liquids used distilled water, 
solution of-common salt and carbon bisulfide which had fairly high absorption the and near ultra- 
violet region the spectrum. the same token the blue and near ultraviolet region of.the spectrum), 
Agfa Lght filters selected whase curves ate shown 


NES) 
100 


Prints were made without the use comecting filters during printing. Examination the photographs shows 
that the does not remove the blue background and considerably reduces the intensity 
the yellow band. Agfa filter and the liquid fiiters containing sodium chloride solution and 
water gave and therefore the corresponding prints are not reproduced, Agfa No. filter gives 
Light the colored zones also lowers the intensity the yellow The 
most successful results were got when using Agfa filter, the liquid carbon disulfide color filter and lead glass. 
Since these the most readily available and the simplest usec was lead glass, and since the quality the 
obtained with the filters was not cecided use lead glass all the later work. Photographs 
the specimens resins are reproduced Figs. and Inspection these photographs shows 
that the method observation photographs luminescence enables differentiation between specimens 
asphaltenes and those not containing the working-up resin fractions with phenol, 
leading the phenol-soluble with aromatic, sulfur and oxygenated compounds, the yellow 
luminescence for the ~soluble resins and becomes with non-luminescing 
for the pheno-insoluble resins, the yellow luminescent broadens aud becomes more intense. the 
pecimens oxygenated resins, the color photographs luminescence,darkening observed nearly the 
whole the region; the tones are replaced conspicuously orange color, the case 


resins the color more light-yellow and the biue band characteristic 
polycyclic hydrocarbons developed. 


reat the color photographs picture high-molecular hydrocarbons 

isolated with the help adsorption chromatography and characterized previously, 
The oils, however, consisting almost completely aromatic hydrocarbons (mono- and bicyclic) with 


risk image distortion during the positive process, attempts take photographs 


film, Due, however, the availability the film and the possibility only one pict- 


duplicated, had abandon this method although gave good results, Attempts 
and photographic per have not yet given satisfactory results, 
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Agfa No. 31. 


< 
Fig. luminescence samples taken with various filters: 
CS2 filter. Lead glass filter. 
high-molecular hydrocarbons Romashk petroleum. 
The color photographs accompanying this paper the original could not reproduced color 
che process used publish this translation. Reproduction black-and-white would completely 
the size areas spectra. have therefore interpreted these 
this manner, that the relative areas luminescence referred the text might 
Publisher. 
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From the results set forth above see that the application color the recording 
luminescence pictures opens the possibility eliminating the influence the subjective judgement the ob- 
the luminescence, has admitted that now have not succeeded infully reproducing 
original luminestent colors, The ographs do, however, enable the representation the relative intensity the 
radiation, the zonal widths and some other features, therefore hope that the method here published: will prove 
useful for all workers the field luminescence 


Permanent recording the luminescence picture with the help photography provides 
ity fully objective assessment the qualitative difference the luminescent radiation various 
the high-molecular resinous compounds petroleum. 


Lead glass satisfactory and convenient filter which retains the ultraviolet and eliminates 
their influence the photographic film. 


The supplementing color photography analysis objective method for qualitative 
evaluation the chemical changes the components the high-molecular resins 
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AND CHEMICAL PROPERTIES 


The dimer acetylene used raw material for the production the synthetic rubber 
known -it also condenses with form readily carbinols glues. 


The organomagnesium compound (readily with and ketones) not 
capable, however, the Grignard- -Wonz condensation either with primary, secondary even tertiary al- 
kyl halides. Exceptions, shown Carothers and are such active halides 
and allyl The synthesis saturated and aromatic silanes effected, know, the 
basis and its mono-, di- and derivatives whose halogen-atoms are substituted with facility 
both aliphatic and aromatic investigated the condensation magnesium halide with 
such active halides alkyl- and was established tha this indeed interacts with high yields 


with Cl, and and even with but-does riot with even with and 
ondary silicon halides the type of: 


The so-prepared were readily. polymerized, thus fourid route 


the enyne type with similar properties the derivatives the carbin- 
ols. 


The first reference vinylethynylsilanes, specifi was made 
the English physicist Bowden Petrov and [4] the synthesis condensation 
with four trialkylvinyleth ynylsilanes, while condensation with they obtained three 
The physical properties these seven compounds are set forth Table 


connection with the chemital properties these Kucherov observed the inability hydrogenated 
the triple bond the the silicon (in more drastic conditions theré rapid decomposition the ke- 
tone with the carbonyl group the formed); later noted the addition both two and four atoms 
bromine followed cleavage HBr the latter case. These data well the study the synthesis and proper- 
ties Frisch and Joung [5] permit condude that the case vinylethynyl- 
silanes the bromine only adds the triple bond. was also established that cre easily hydro- 
genated over palladium oxide both fully butylsilanes and selectively with absorption two four atoms hydro- 
the former case the main product hydrogenation was trialkylbutadienylsilane, was confirmed the 
formation with maleic anhydride adduct with When four hydrogen atoms were the main 
product was tnalkyl-2-butenesilane was confirmed the examination its Raman spectrum (see below). 


also obtained series aliphatic vinylethynylsilanes; physical properties are set forth 
Table Concerning their properties, their polymerization tendency which lower 
than that trialkylvinylethynylsilanes and especially great the case 
also interesting note that the usual any rate, (as used for condensa- 
tions all three substituted halosilanes with MgBrC relatively low below failed 
does the sole product reaction SiOH with the third does not condense, and 
‘the fourth condenses with high These facts the wide diversity properties the tertiary 
and the corresponding silicohalides formed from them the reaction, 
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carry out the condensation —CH=CH, with the primary 
chionde Cl, proved unsuccessful and we-were unable introduce triple bond the 
the the condensation the Grignard reagent from this silicohalide with 
thane was successful and enynic silicohydrocarbon with triple bond the the 


1290 (5), 1610 (5), (6), 1466 (6), Attention should the consicerable increase the 


with The low the prevented its more detailed 


series: 


CH, 
took place with the acer ylene 


highly probable that our case partial isomerization this type took place. 


Since that the vinylethynyl radical, like the vinyl and radicals, interest not only 
purely chains polymers but also siloxane chains, synthesized 
monochlorosilane, and The physical 


Data for the spectra and infrared the vinylethynylsilanes which are 


301 ba), (25), 611 (25), 674 (10), br) 972 (12 br), 922 (10), 
br), 1110 1232 (25 br), 1290 (25), 1353 (3), 1392 (1), 1410 (45), 1460 (24), 1595 (38), (70), 2154 
2217 (15), (90), 2908 (45), 2939 (40), 2961 (45), 3015 (42), 3105 (23). 

300 ba), 579 (30), 630 (30), 682 (8), 710 (8), 748 (18 br), 
972 (7), 1014 (5), 1110 (20), 1233 (12), 1257 (8), 1290 (26), 1353 (6), 1410 1460 (8), 

2154 (250), 2217 (15), 2880 (25), 2908 (40 br), 2940 (10), 2965 (35), 3025 (45), 3104 
300 (8), 580 (25), 602 (6), 685 (20 br), 742 (25), 761 (2), (10), 884 

1054 (2), 1110 (27), 1253 (10), 1290 (31), 1352 (5), 1410 (70), 1595 (85), 1611 (33), 2145 (45), 
2217 (22), 2872 (10), 2908 (25 br), 2961 (12), 2978 (30), 3012 (52), 3101 (30). 


590 (12), 685 (3), br), 794 br), 932 (10), 1043 (3), 1089 br), 


= 
D 


1252 (5), 1410 (32), 1448 (10), 1595 (67), 2154 (160), (10), 2867 (20 br), 2882 (30), 
(44), 3914 (35), 3100 (20). 


The Raman spectra were obtained with the ISP-51 apparatus, using the usual technique [6] for 
and The intensity the 802 cm™ frequency cyciohexane was assumed 250 units, 
the intensities were accurate 15%, those frequencies were accurate to+ for narrow 
and for broad very weak The infrared absorption spectra were obtained with spectro- 

chloride prism, The measurements the bands their minimum were accurate 
the spectra revealed number characteristic frequencies which are detailed Table in- 
are converted the basis identical numbers molecules the scattezing volume. 
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TABLE 


Radical 


Characteristic Frequencies the 


(37) 
3101 (40) 
(36) 


3015 (68) 
3015 (69) 
3014 (70) 
3014 (63) 


2217 (24) 
2217 (19) 
2217 (30) 
2217 (18) 
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(24) (40) 
1110 (25) |1290 (32) 
1110 (38) |1280 (42) 
1110 (27) |1290 (38) 
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The frequencies set forth may serve analytical charac- 
teristic the vinylethynyl may drawn. 
the position the frequencies the C=C linkage 2154 
and 2217 cm™ and the C=C linkage 1596 and 
1611 the valence vibrations the =CH, group 
3015 and and the deformation vibrations the 
group 1290, 1353, and 1410 
striking feature the absence characteristic regularities 
evidently due strong interaction the electronic 
clouds the frequencies the triple and double conjugated 
ally characteristic bands the infrared spectrum have the 
values 6.0, 6.2, 6.9, and 9.0 


This investigation enabled solve diverse problems 
the determination the structure derivatives 
ethynylsilanes, give some examples, The addition 
bromine the triple bond vinylethynylsilanes was con- 
firmed the infrared spectra, the absence from which 
bands the region association with the presence 
band being characteristic the C=C bond. 


The spectza acetylenic hydrocarbons (evaluated be- 


invariably showed the frequency the triple bond 


the 2175 which enabled the determir- 
ation the spectrum the above-mentioned 
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1595 1611 and trialkyl-1-butynesilane (frequency 2175 also gave con- 
the presence conjugated double bond (frequency 1625 the spectrum the second prod- 
the double for this position also the absence from the spectrum the the group 


the reactions vinylethynylsilanes, especially interesting were the addition reactions which en- 
transition from other compounds the compounds the butadiene 
seties and alsotwo acetylenic with one and atoms have mentioned 


these conditions the rupture the linkage that were able 


Physical properties the dichloride: mm); 1.4738; 


study was also made the reaction with The 
violently with heat evolution (it was cool the flask); bluish-green organometallic compound was form- 
ed, After with acidified water, the reaction product was dried and fractionally distilled give fractions: 


taction gave the following Raman spectrum: 447 (2), br) 606 (4), 720 963 br), 1013 
br), br), 1231 br), 1306 (2), 1326 (3), 1374 (3), 1413 (4), 1435 (4), 1462 (6), 


these frequencies, that 2175 (10) belongs the triple bond the the silicon; there are 
the spectrum, From work [9] know simple branching (tertiary carbon atom 
frequencies 1140 cm™ and the other hand, and Bazhulin report spectra 
and which actually contain the frequencies 1129 (2) 

(4) and which must attributed simple branchings the molecules question, The spectrum 


ath 


with $4°(3 mm) does not contain any these frequencies and consequently can assume 


Table are set forth the analytical data for 


suggested that the fraction with -p. 174 was the result addition moles 
according the scheme; 


product with the composition The infrared spectrum this fraction and its elementary how- 
ever, did not confirm this suggestion: 


the spectrum was detected intense absorption band about which was unequivocal evidence the 
presence the C=C linkage. The Raman turn exhibited the stable C=C frequency 2175 cm™ and 
contain the frequencies the 1600 cm™ region which are characteristic the double bond, The elemen- 
Composition this fraction corresponded the formula diacetylenic disilane apparently 

formed interaction the alkynyllithium with the original according the scheme: 
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CH, 
The analytical data this fraction are set forth Table 


may note that the readily condensed with alkyl halides and with 
according the general scheme: 


secondary product being the diacetylenic this synthesized the (V) 
and the disilane 


The and analytical data these compounds are set forth Table Disilane (V1) representa- 
tive the acetylenic disilanes similar structure the symmetrical disilanes which were recently 


synthesized and Shchukovskaya [10] and Frisch and Joung condensation 
with the symmetrical complex 


above-mentioned derivative was subjected not only hydrolysis but also with 


and the resultant disilane and trisiiane are included Table 


was The product the reaction was likewise hydrolyzed and fractionally 
The yield was The properties this silicohydrocarbon 


(the fourth conpound Table were similar those the silicohydrocarbon recently synthesized by-another 
route Frisch and this silicohydrocarbon did not yield any higher fractions such were 
observed the case while the main product the reaction (the very quickly 
changed into sticky polymer with yellowish-brown color. This poylmer, soluble organic 
solvents and fusible, must evidently assigned the structure (VII) 


SUMMARY 


was shown that vinylethynylmagnesium halide condenses high yield with both trialkyl 
lanes and with monoalkyl-halogenosilanes, and even withsilicon 


All the vinylethynylsilanes, and with particular ease divinylethynylsilanes, polymerize spontaneously 


standing the form peroxide-contaimng resins, Vinylethynylsilanes are capable, however, 
polymerizing even absence air when heated sealed 100°, 


The velocities polymerization the vinylethynylsilanes were correlated with their 
trialkylvinylethynylsilanes the rate polymerization rises with length radical from through 


bromination vinylethynylsilanes the first two atoms bromine add the triple bond, lead- 


polymerizable derivatives the butadiene type. HCl —70° also but the proportion two 
ules, forming dichloride structurally analogous that obtained addition moles 
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only add bond the enyne grouping. The resultant alkynyllithiums can hydrolyzed water 
alkylated alkyl halides form the acetylenic series; their alkylation with trialkylhalogeno- 


silanes gives unsymmetrical acetylenic disilanes are from the (via addi- 
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SYNTHESIS PARAFFINIC HYDROCARBONS WITH 


TWO ADJACENT QUATERNARY CARBONS 


matter considerable difficulty [1], Whereas condensation according réaction (1) proceeds with yield 85%, 
that reaction (2) proceeds with yield only 4%, 


for the purpose ‘of synthesis the double bond which activates the condensation 

the primary tertiary halogen, was decided study ‘the behavior this unsaturated tertiary halides 
various structures, was found that the synthesis the halohydrin from 
was scatcely any isomerization the ‘allyl radical into and the resultant halide containing double bond 
the proved incapable entering into condensation, the preparation the bromohydrin from 
propyl carbinol was accompanied the double bond into the one the allyl 


rendered the halide active, but simultaneously, due the allylic rearrangement, the halide structure 


Instead 4-bromo-4.-propyl-1,5-heptadiene, there was formed the condensation 
had previously failed give quaternary carbon This difference behavior tertiary alcohols 
differing structures containing allyl radicals toward hydrogen halides led search for tertiary alcohols, contain- 
ing allyl radicals, the formation from which halohydrins would proceed with migration the double bond the 
but without the accompaniment the allylic rearrangement, Such was found methyl- 
which proved convenient starting material for the synthesis hydrocarbons contain- 
ing two quaternary carbons, Methyl-tert-butylallylcarbinol was first prepared Gnedin who established 
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the preparation the chlorohydrin from -butylallylcarbinol, made use the 
[5] who showed that primary branched alcohols the type 
substitution the group halogen and are transformed into 


™ 


o 
« 


also took into the results Brown and Fletcher [6] who observed similar rearrangement tertiary 


branched olefinic had not previously been investigated; analogy with the above 
cts thought that might here also able obtain two chlorides: 


ac. 
(1) 


allowing for the possibility translocation the double bond from the the the following 
general scheme could advanced: 


Oxidation the chlonde with aqueous gave the following -hydroxybutyric 
-oxobvtyric acid, acetic acid, formic acid and rnuch amounts pinacolone and oxal- 
acid and acid, 


the chloride must assigned the structure: 


cited 
(IV) 


chlorides 


should mentioned that Zakharova [7] and Favorskaya studied the interaction acetylenic alcohols 
lar structwe with hydrochloric acid; investigation the structure the halohydrins showed that they not suffer re- 
give one chloride: 


Reaction the with enabled the synthesis hydrocarbons containing two adja- 
cent carbon atoms according the 


where allyl and 


The product reaction the chloride with 
could not isolated the pure form since the 
above reaction was accompanied side reactions: 
dimeriz- and dimerization the original al- 
ation halide, the reaction are set forth: 


TABLE 


Reaction Yields 


condensation 


cleavage 


the table. 
16% Reaction (8) has the advantage over the similar 
not detected Zakharova and Sapozhnikova [9] that-it 
yields one hydrocarbon and not acetyl- 
enic and allenic hydrocarbons: 


Oxidation the hydrocarbon gave acetic and formic acids; hence can 
assigned the 


Oxi gave dibasic acid formic and acetic acids, well insignifican 


cinic acid which should have been obtained the allyl halide rearranged from tertiary secondary: 


633 


= 
produc 
‘ 


> 


The results oxidanon showed, however, that the reaction only proceeds. according first scheme. 


should noted oxidation the hydrocarbon obtained zeaction with proceeds ex- 
Here again may draw comparison with the acetylenic obtained Zakhar- 


Oxidation was effected with and and each time only 20-25% charge 
bon was oxidized, the being recovered unchanged, The oxidation yielded monobasic acid and 
Pinacolone and -methylvaleric acid (products which should have been 
formed rearrangement) were not 


EXPERIMENTAL 


260 chloride 201 pinacolone. The mixture was baled for was decomposed 
with iced water and 10% 219 the theoretical) with b.p. 168-172°; Liter- 


247 alcohol was saturated with dry HCl presence 
Yield 216 chloride yield 80%, The chloride (here prepared for the first time) had the con- 


Oxidation the chloride was emulsified 400 water and addition was male KOH and 


about 0.3 pinacolone derivative with mixed sample did give 
depression m.p. After separating the the solution the acids was and decomposed with 
20% the organic acids were extracted with ether, all 4.5gacids was obtained; from this was isolated 0.2 
oxalic acic with 99-100°, not giving depression the mixed melting test. Separation the oxalic acid was 
followed precipitation crystals with subsequent from gave 141- 
admixture with authenuc specimen, The acid for the mixed melting test was obtained oxidation 2,2,3,6,7,7- 
-diol4- octyne The mother liquor, after separation the crystals, -was treated with 
give which after recrystallization from alcohol had m.p. 
Found 18.09; 18.14 


The acid for the mixed melting test was obtained Glucksman‘s method 
pinacclone, and the was prepared for the first ime with m.p..171-172°. 


The mixed melting test with the the product oxidation the hydrocarbon did not 
show depression m.p. the chloride has the 


(9.4 mole) chloride the course hours while cooling with iced The mixture was heated for hours 


After working the usual manner and distillation over sodium column with efficiency theo- 
plates, the following were obtained: 


This isthe cleavaze hydrochloric acid from the chloride. From fraction (with b.p. 138- 
separated afer distillations fraction with b.p. 157-158°; 1.4330; 0.7604; found 


| 
F 
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4 
Bb. 


hydrocarbons present this fraction was not investigated, 


stead the calculated Among the water-soluble acids were identified formic acid (by the calomel test) 
acetic acid; the water uble acid was separated the form the salt, 


The water-insoluble acid gave with data identify the water-insol 


Reaction chloride with allyl bromide. mixture 106.5 moles) chloride and 136 (1.12 moles) 
ally] bromide was the course hours Mg. The mixture was then heated hours Work- 


56.68; found bromine number 201 and 200; calculated for 193. 

Found 86.92; 86,80; 13.20; 13.10 


The solidifying temperature was below In-the case the close (but 
less asymmetrical) structural analog 2,2,3,3, the solidifying temperature 


tion were isolated. Formic and acetic acids were identified among the acidic products, fraction high-mo- 


lecular acids with mm), consisting structurally similar dibasic acids the composition 
tion with hydrocarbon C,, was evidenced the too-low content silver and also 2,4-dinitro- 
phenylhydrazone with m.p. 171°. 
Found 51.25 

mixture 134 (1.1 moles) propyl bromide and 80,3 mole) the chloride The mixture heated 


35° for hours, The usual working-up and distillation over sodium gave: yield 30%, 
1.4262; 
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hyd: was oxidized with solution, Oxidation proceeded very 
slowly was for Only acidic products were isolated; were the form sil- 
ver salts: 
Fraction 0.0508 0.0254 50.0 


acetic and acids, the latter originating from the presence hydrocarbon formed 
cleavage from the chloride. 


was established that the tertiary the alcohol synthesized from pinacolone and MgBrC C=C, 

active with double bond the which reacts with RMgX the tertiary form; the latter 
not undergo the aly! 


characteristic the halide question, which differentiates from the halide 
binol (:n whose formation translocation the double bond does not occur) and from other tertiary halides contain- 
ing allyl grouping which suffer the allylic enabled utilize the tertiary halide, 2-chloro-4, 
for the first time), the synthesis hydrocarbons containing two adjacent 
carbons, 
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BRIEF COMMUNICATIONS 


KETONES. 


The diverse reaction possibilities manifested the high mobility the chlonne 
atom, the activity the double the simultaneous substitution the oxygen the carbonyl group, make 
ketones suitable starting materials for the compounds the most diverse 
therefore entirely natural that should made broaden the possibilities new methods organic 
thesis the basis ketones utilizing new representatives the class ketones, 
now the transformations -chlorovinyl ketones have been studied mainly with 
vinyl ketones, whose synthesis recently the present paper describe the synthesis -B- 
ketones, the reactions which not differ from those their aliphatic analogs. 


condensation benzoyl chloride with vinyl chloride presence aluminum chloride the Kondakov -Krapivin 
reaction, Numerous repetitions this synthesis eur led negative results, and this lack success 
ethyl ketone from which the ketone can only isolated low 


Panizzi used old method Claisen [4] for synthesis ketone, Claisen obtained 
ketone ‘by treating hydroxymethylene acetophenone with thionyl but did not 
give detailed account his procedure, exhaustive investigation this reaction enabled establish the 
precise conditions for synthesis and extend other hydroxymethylene ketones, that were able develop 
general method synthesis ketones according the scheme: 


was found convenient isolate the sodium enolate the hydroxymethylene ketone, free from unreacted 
substituted acetophenone repeated washing with ether, and after this bring into reaction with 
thionyl this manner succeeded obtaining -chlorovinyl ketones satisfactory yields, 

this method’, starting from acetophenone, ketone, and p-methoxyacetophenone, 


obtained (respectively) phenyl-, p-tolyl-, and ketones 
yields 30-60% 


These ketones are high-boiling liquids readily fusible solids and 
ketones), considerably more stable storage than their aliphatic Their 
reactivity apparently rather lower than that the alkyl-8-chlorovinyl ketones, but the character the chemi- 
cal behavior itself perfectly analogous, were able show when using them for the synthesis flavine salts: 


the ketone was obtained natural anthocyanidin, while the methyl 
ether gave hesperidin 


EXPERIMENTAL 


100 absolute benzene wae added dropwise, with energetic stirring and with cooling, 24.0 acetophenone 
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(1:1), After room temperature, the precipitate sodium salt hydroxymethylene 
acetophenane was quickly washed with absolute again the flask, covered with benzene 
decomposed cautious addition water and then sulfuric The benzene layer was over 
chlonde and filtered; then 26. chloride was added and the mixture heated water bath until 
ceased come off; this required about hours. The benzene was off and the residue 


10.0 260 benzene and 50.0 thionyl chloride. Yield 24.0 (30 the substance 


p-Bromophenyl- ketone similarly prepared from 40.0 p-bromoacetophenone, 19,0 ethyl 
formate, 4.6 bendene and chloride. .The residue remaining after removal the 
benzene crystallized, After recrystallization from ligroine, ketone forms fine needles 


Found 43.88; 44.00; 2.55; 


ethyl formate, 2.5 sodium 100 benzene and 30.0 thionyl After vacuum b.p, 154- 


157°(3 mm)] the substance crystallized; recrystallization from ligroine gave lustrous needles with m.p. 47-48°; 


All the prepared aryl- ketones are insoluble water and readily soluble common. organic 


Reaction benzoyl chloride with vinyl chloride. solution 19.0 chloride dry 
tetrachloride with and cooling with iced water passed stream dry chloride and 
vinyl suddenly sets and the mixture boils. After six hours’ saturation with vinyl 
the mixture poured ice, the lower layer separated, the aqueous layer extracted with chlaro- 

orm, the extracts are dried with calcium the solvent distilled off and the residue distilled 
fraction with 130-150° (10 mm) collected and partly Weight 15.0 Pure phenyl- 
ketone could not isolated from this fraction even after many distillations, Heating the product 
with calcined potassium for minutes gave, working the manner, 

not perfectly ketone with 123-127°(10 mm). 


SUMMARY 


method was developed for the synthesis ketone condensation substituted aceto- 
phenones with formate followed weatment the resultant hydroxymethylene ketone with thionyl 
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COMPOUNDS 


previous [1] derived the values the atomic refraction phosphorus and sulfur 
some compounds. know, esters, chloranhydrides and other derivatives oxy acids of. 
phosphorus the atomic refraction phosphorus retains constant value within specific group compounds 
Thus derivatives phosphoric acid (3.76 for the sodium line), phosphorous acid (7,04), alkyl- 
aci (4.27). Constancy the atomic refraction phosphorus these compounds manifested only 
when the character the bond the elements with phosphorus taken intoaccountinthe calculation, Far 
example; for the chlorine atom necessary to.assume the atomic refraction chasacteristic 
chloroanhy dride combination derived from the molecular refraction the haloanhydrides carboxylic 
simce the bond between chlorine and phosphorus bears the character haloanhydride 
tives phosphoric acid the refraction the oxygen linked double (semi -polar) bond with phosphorus 
equal ketones, carbonyl group carboxylic acids. The literature contains many data for 
the compounds, paper Jones, Davies and Dyke [4] the value the refraction sulfur 
thiophosphates given 9.68 {sodium line). 


study the has shown that the molecular refraction 
this class calculated with accuracy value 9.70 assumed for the refraction 
sulfur accordance with the finding Boudet Rambaud for thioketonic addition study the 
refraction many representatives the class trialkyldithiophosphates 
and mixed thioanhydrides acid and carboxylic acids [1] 
that the refraction the two sulfur atoms these compounds was invariably equal the refraction the two sul- 
fur atoms purely carbon compounds possessing similar structure. Thus, for trialkyldithiophosphates the 


The refraction the sulfur mixed anhydrides was also found equa! that the correspond- 


ing purely carbon compound [8} 


this should the case, then investigations the field compounds would considerably facil- 
itated, and also there would more for comparative study the problems the influ- 
atoms and purely carbon compounds the same type. 


SCOR’ 


ARs,= 19.77 


fresh object investigation chose the with the following 
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The purely carbon compounds are known, Thus, for 
the refraction the three sulfur atoms, according two authors and 28.02 realized the 


metals with aliphatic 


These are transparent. liquids with more less deep-yellow color; they are soluble carbon tetrachloride 
and benzene, insoluble their set forth the 


NaCl, 


The mean value the group refraction for the three was calculated from the data 


Consequently even for sich complex compounds the 
the value the atomic refraction the atoms linked phosphorus is, the linits error, equal 
that purely carbon compounds the corresponding type. 


EXPERIMENTAL 


Preparation The chlorides were prepared the 

and cooling was from dropping funnel the equivalent amount alkylsul- 

chlonde carbon tetrachloride solution, Usually the chloride once entered into reaction, 

disappearance the color, The reaction was later completed heating the mix- 

water-bath for hours. After cooling, the precipitate was filtered and the 


was prepared from 5.9 (0.025 mole) sodium diisopropyldi- 
and 2.35 (0.025 mole) methylsulfenyl chloride, B.p, mm); 1.5297; 1.1471; 


Found 11.93 Found 70.09 


iophosphate was prepared from 26.9 (0.12 mole) potassium 
ae ag oereti al 

the theoretical), 


For calculation the for the three sulfur atoms the value 27.70 derived this investigation was assumed, 
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was prepared from 11.8 (0.05 mole) sodium 
was prepared from (0.05 mole) potassium diezhyldithi ophosphate 
and 6.05 (0.05 mole) chlonde. B.p. mm); 1.5306; 1.1246; yield 3.9 
O-diisobutyldithiophosphate was 26.4 mole) sodium diisobutyldithiophosphate 
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SYNTHESIS AND TRANSFORMATIONS ORGANOSILICON COMPOUNDS 


COMMUNICATION SYNTHESIS THE VINYL ETHER 


The synthesis and properties vinyi ethers organosilicon alcohols and silancls present great interest for 
synthetic organic chemistry. are interested the first place ethers with the 


The synthesis vinyl ethers silicoalcohols can evidently out principle the following routes: 


now the vinylation silicoalcohols has not been described the literature. The purpose the present 
research study the possibility vinylation silicoalcohols the method and {1}. 


With the objective studying the properties and vinyl ethers containing silicon, 
ved prepare the ethers silicoalcohols the character the group which that 
purely alcohols. this basis set ourselves the task ing the vinylation the 


effected the this alcohol the method Favorsky and The reaction pro- 
ceeds the following equation: 


resultant vinyl ether was characterized its physicochemical con- 
addition its structure was confirmed which follows: 


HOH 


Into flask containing Grignard reagent (prepared from mole) magnesium 800 ether 
mole) a-chloromethyltrimethylsilane [2], cooled was slowly passed (with constant stirring) 
over period 21/2 hours dry gaseous ethylene oxide. Since the reaction proceeded 
violence, the tem perature the mixture was kept The reaction mass was left overnight. The next 
day the solid compjlex was decomposed, first with crude ether and then with 10% hydrochloric 


The ethereal layer was from the aqueous layer; the iatter was extracted with ether and added the 
upper ether layer, 


The ethereal solution was washed with aqueous sodium carbonate solution and then with water and dried 


over calcined potassium carbonate, After driving off the ether,the residue (128 was 11-12 
give: 


Technician Volkova participated the experimental 
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Residue 


- 


absolute were charged into sieel rotating autoclave 0.5 liter The air was purged from the 
autoclave acetylene and the autoclave was filled with acetylene from cylinder under pressure 
atm, the reaction mixture was completely saturated with the indicaied pressure room temperature 
with constant sturring. The réaction mixture was then heated 180° and the reaction continued for hours, The 
day the autoclave was discharged, the product being obtained the form darkish liquid which was washed 


with a.d dried over sodium Theee distillations vacuum gave fraction with 60° 


Calculated 


The above data agree with the fotmula for vinyl ether, the mean yield which 


with ethereal odor, decolorizes weak solution and bromine water. The conditions far 


weighed amount the vinyl ether put into flask which added sulfuric acid and 
the flask shaken until there complete solution the end minutes the 
acetaldehyde 90.58; 92.95% the theoretical. 
SUMMARY 
Using model substance, the possibility was established vinylation 
the metnod Favorsky and vinyl ether was thus 
The y-hydroxyprop, vinyl ether was its hydrolytic cleavage. 
Details are given method for preparation -hydroxypropyltrimethylsilane and its stability caustic 
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CHRONICLE 


CONFERENCE THE INSTITUTE CHEMISTRY 


THE ACADEMY SCIENCES THE UNION SSR 


March the Institute Physical Chemistry the Academy Sciences USSR was held the 
ference the which Institute Director, Member the USSR, sub- 
mitted report the over-all researches 1953 and some perspectives research 1954. 


Spitsyn pointed out that 1953 the greatest developments took place problems traditionally associa- 
ted with the institute and whose scope had expanded the course number These relate investi- 
gations surface phenomena ‘and surface forces, the study heterrgeneous catalysis, the problems asso- 
ciated with the mechanism and kinetics electrochemical processes, the study corrasion processes and methods 
for combating them, well the new directions research, developed recent years, associated with problems 
chromatography and The report revealed the both respect 
problems and the plan whole, The wished all SUCCESS the new and theo- 


retically valuable and economically useful results. 


surface the kinetics heterogeneous systems demonstrated unified and the 
value investigations surface molecular and forces for the examination and understanding the 
mechanism and kinetics processes with variation the magnitude state the sur- 
faces separation the phases and without change the masses and composition the individual. 
substances the The opposite case processes leading changes mass composition the com- 
ponents the system (these include processes corrosion, evaporation, condensation, 
many electrochemical processes, catalytic processes, etc. were classed the reporter first order processes 
which the surface forces not always play decisive part, while the case equilibria they never so. 


With the help number examples practical value, analyzed the decisive role surface 
the first- order processes belonging the category surface phe omena proper, Deryagin 
drew the specific role surface forces coagulation and adhesion colloidal and dispetsed sub- 
especially liquid Precise this role became available after and his co- 
workers, 1934-37, detected and investigated the effect which they called the pressure thin 
films and which created energy barrier hindering the approach molecules distances which the resul- 
tant the intermolecular attractions predominates, 


The theory develcped could for the case coagulation mixtures colloids and the cohes- 
ion diverse particles after establishment the characteristics these problems which are valuable for the theory 
dyeing fibers, the sizing paper and other practical problems, Applying the same considerations, was possi- 
ble bring precision the theory adhesion mineral particles which constitutes the basis flotation 


Greater precision the theory requires clarification the course weakening molecularforces 
between interacting surfaces, This problem was treated carrying out direct measurements the attractive 
between quartz and glass plates separated air space the order and These measurements 
led important theoretical conclusions, particular concerning the small influence molecular forces the vel- 


Deryagin showed that the adhesion glue and protective films should treated kinetic phenomenon;: 

the thermodynamic approach leads deviations from experimental times and The report- 

pointed out the great current significance the study surface forces both for theory and for number very imp- 
ortant national economic problems, 


Doctor Chemical Sciences Kiselev reported crystals and and showed that 
the state the science adsorption characterized gap between theoretical investigations the ext- 
ernal surfaces crystals and the study adsorption the internal surfaces porous bodies. Such position not only 
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the investigation adsorption the porous and catalysts the practical importance 
but also limits the theoretical the character’ stics the chem- 
nature and chemica! variability the surfaces adsorbents. 


The values the adsorption and heat any substance depend 
the size surface, the pore stru cture and the state the adsorbent. The important problem ad- 
the measurement the transition from the measured relative magnitudes. 


characte 


character ranging from nonporaus finely porous; chemical surface with unchanged pore struc- 


this connection Kiselev and made systematic study the absolute isotherms and heats 


and silica gels with pore 200 aluminosilica gels and graphitic sub- 


The reporter spoke number researches which had established that the transition from quartz large- 
pore silica does not appreciably atsolute isotherms and heat adsorption the start cap- 
illary condensation With further the pores silica gels, the adsorptive potential intensified, 

This intensification becomes extremely marked with reduction first for larger 
(hydrocarbons), and with further contraction the pores also for small-sized molecules (nitrogen, 
the case adsorption Molecules very size which are mainly adsorbed the expense hydrogen bonds 
developed over short distances (water molecules), this effect For adsorption from solutions, pore 
contraction number cases causes strengthening selective adsorption, for example the separation hy- 
This manifested shift the maximum the isotherms and increase the energy ad- 
Change the degree hydration the surface silica gels changes their adsorptive properties, part- 
respect substances capable forming hydrogen bonds with silica the suf- 

face carbons, sharp change absolute isotherms adsorption water vapor and methyl caused 
the degree oxidation the the case active carbons the influence the pore structure 

superposed this influence the chemical nature the 
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